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ABSTRACT 
The irnmunogenicity of foetal mouse pancreas can be 
substantially reduced by treating the donor tissue in vitro 
before allotransplantation. Two procedures are shown to be 
effective in modulating foetal pancreas irnmunogenicity: 
(i) organ culture for 20 days in a 95% o2 , 5% co2 
gas phase; and 
(ii) the preparation of foetal proislets. 
Allografts of 20 day-cultured foetal pancreas tissue, trans-
planted across a major histocompatibility barrier, demonstrate 
the capacity to reverse Streptozotocin-induced diabetes in a 
proportion of recipient mice. 
A comparative study of the irnmunogenicity of pancreatic 
islet tissue derived from different sources provides evidence 
for tissue-specific properties. The organ culture technique 
is much more effective in conditioning isolated adult islets 
for allotransplantation than in the case of the foetal 
pancreas. In contrast to the prolonged duration of culture 
necessary to show evidence of acceptance of foetal pancreas 
allografts, only 7 days of culture in the same gas phase are 
required to achieve indefinite survival of allografts of adult 
islets transplanted across the same major histocompatibility 
barrier. Evidence that foetal pancreas explants are 
contaminated with primitive lymphoid tissue forms the basis 
for our proposal that tissue-specific differences in irnmuno-
genicity are related to the degree of contamination of graf t 
tissue by immunostimulatory passenger leukocytes. Thus we 
suggest that the effectiveness of in vitro procedures to 
modulate the imrnunogenicity of foetal pancreas tissue can be 
attributed to the extent to which the associated lymphoid 
component is removed before allotransplantation and hence to 
the degree of elimination of passenger leukocytes capable of 
activating a graft rejection response. 
Tissue-specific differences in imrnunogenicity are shown 
to be pronounced following transplantation across a minor 
histocompatibility barrier. In contrast to the high 
imrnunogenicity of untreated foetal pancreas and skin, isolated 
foetal proislets, isolated adult islets and thyroid are 
weakly imrnunogenic. Both organ culture in a high oxygen gas 
phase and the preparation of foetal proislets are effective 
in reducing the immunogenicity of foetal pancreas allografts 
transplanted across a minor histocompatibility barrier. These 
findings support our proposal that tissue-specific effects in 
immunogenicity can be attributed to the quantity of passenger 
leukocytes or fixed lymphoreticular elements carried in the 
transplant tissue. It is suggested that,in the case of only 
minor histocompatibility differences,passenger leukocytes 
render tissue transplants susceptible to non-specific 
damaging reactions. 
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PREFACE 
This thesis is entitled "Modulation of foetal pancreas 
irnmunogenicity" and is divided into seven chapters. The 
introductory chapter (Chapter 1) reviews the literature on 
transplantation immunobiology mainly up until 1979, at which 
point this project was commenced. Particular attention is 
paid to the "traditional" concept that transplantation 
antigen represents the barrier to allotransplantation. It is 
our hypothesis that foreign antigen is not the major barrier 
to successful allotransplantation and we examine the 
supportive evidence provided by in vivo and in vitro models 
of alloreactivity. These findings are reinforced by 
transplantation studies which demonstrate that allograft 
immunogenicity can be substantially reduced by treating the 
donor tissue in vitro prior to transplantation. 
In this thesis we set out to investigate the generality 
of this in vitro approach to the modulation of tissue immuno-
genicity, adopting, in particular, the organ culture technique. 
We have chosen the foetal mouse pancreas as our principal 
tissue for investigation and our analysis embraces comparative 
studies of the immunogenicity of foetal pancreas, isolated 
adult islets, proislets, thyroid and skin. Chapter 3 examines 
the optimal culture conditions required to maintain foetal 
mouse pancreas in vi t ro; Chapter 4 compares the capacity of 
organ culture to reduce the immunogenicity of foetal pancre a s 
and isolated adult islets allografted across the same major 
histocompatibility barrier; Chapter 5 examines the immuno -
genicity of isolated foetal mouse proislets and Chapte r 6 
ll 
details a comparison of the immunogenicity of foetal pancreas, 
proislets, isolated adult islets, thyroid and skin 
transplanted across the same minor histocompatibility barrier. 
Chapter 2 describes the materials and methods employed in 
this project and Chapter 7 relates the experimental findings 
of the project to the current literature and consequently 
should be considered as an extension of the overview 
presented in Chapter 1. 
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ABBREVIATIONS and SYMBOLS 
Antilymphocyte serum 
Adult thymectomized, lethally irradiated and bone 
marrow reconstituted 
alpha 
beta 
Bovine serum albumin 
Concanavalin A 
counts per minute 
Deoxyribonuclease 
Delayed type hypersensitivity 
Eagle's Minimal Essential Medium 
acceleration due to gravity 
gram 
Graft versus host 
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Immune response 
Molar 
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millimoles 
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Optical density 
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Peritoneal cells 
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Thoracic duct lymphocytes 
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Uni ts 
Ultraviolet 
micron 
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CHAPTER 1 
THE IMMUNOBIOLOGY OF TISSUE TRANSPLANTATION 
1 
1.1 EARLY CONCEPTS OF GRAFT REJECTION 
Pioneer studies of tissue transplantation in the early 
1900s indicated that the capacity of mice to accept or reject 
transplantable murine tumours was inherited (Tyzzer, 1909). 
Speculations about the mechanism of this inheritance were 
confused by the use of genetically undefined populations. 
Further progress in this area awaited the development of in-
bred animal lines from repeated brother-to-sister matings. 
Knowledge of the genetic background of transplant donors and 
recipients permitted a systematic study of tissue 
transplantability. Using inbred mouse colonies, Little 
(1921-1922) established that the susceptibility of hybrid and 
backcross generations to a range of transplantable murine 
tumours was inherited according to Mendelian laws and was 
attributable to the independent segregation of multiple genes 
which later became known as 11 histocompatibility 11 genes (Snell, 
1948). This demonstration marked the inception of the study of 
transplantation genetics (Little, 1924). 
The process of graft rejection was seen by Loeb (1918a) 
to reflect a biochemical difference between the tissues of 
the donor and host. From a conceptual viewpoint, the chemical 
substance of an individual which distinguished it from another 
individual was called the II individuality differential" (Loeb, 
1918a). Moreover, Loeb saw this differential as the product 
of the genes which controlled tissue compatibility (Loeb, 
1930). According to his concept, the individuality 
differential of an allograft was converted to a toxin 
following transplantation, possibly via an interaction with 
the "body fluids" of the foreign host. This toxin activate d 
the host's cellular response, a process which culminated in 
graft destruction (Loeb, 1930). In other words, graft 
rejection resulted from a two-way interaction between the 
graft and host tissues. 
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Loeb's radical ideas of tissue transplantation were 
opposed by other theories which advocated immunity and 
11 athrepsia 11 as possible mechanisms of graft rejection. The 
latter theory proposed that graft rejection resulted from the 
failure of transplanted tissues to compete with host tissues 
for essential nutrients (Loeb, 1930). However, this concept 
lacked supportive evidence. Support for the other alternative 
theory was provided by the demonstration of active immunity 
to tumour allografts (Tyzzer, 1916). Nevertheless, attempts 
by others to demonstrate transplantation immunity to normal 
tissues were inconsistent and Loeb himself failed to observe 
an accelerated rejection reaction to secondary thyroid allo-
grafts in guinea pigs (Loeb, 1918b). This finding favoured 
the theory of the individuality differential as the trigger 
for graft rejection (Loeb, 1918b, 1930). It should be 
pointed out here that much of the early confusion concerning 
the role of active immunity in the rejection of normal tissue 
transplants can be attributed to the use of multiple donors 
belonging to outbred or only partially inbred animal strains 
(Loeb, 1918b; Section 1.2). 
The individuality differential theory of graft 
rejection emphasized an active contribution of the graft 
itself. Consequently Loeb questioned "whether it might not 
be possible to alter the tissues before transplantation in 
such a way that they might still live and perhaps even re-
generate, without however producing those substances which 
3 
call forth the lymphocytic reaction" (Loeb, 1930). This 
notion was supported by the better survival of cartilage and 
perichondrium tissues which had been exposed to moderately 
high temperatures prior to allotransplantation (Loeb, 1930). 
Using a different approach, Erdmann obtained prolonged 
survival of allografts of embryonic bird tissues and amphibian 
skin xenografts by cultivating the donor tissue in vitro in 
the "body fluids" of the prospective host, prior to trans-
plantation (see Loeb, 1930). The improved graft survival was 
attributed to a gradual adaptation of the donor tissue to the 
foreign host environment, s{mulated in vitro. Moreover, these 
findings suggested that the individuality differential was in 
some way inactivated during the conditioning process. Long-
term survival of canine thyroid grafts was similarly obtained 
following in vitro culture in a cocktail of the serum and 
plasma of the future host (Stone et al .~ 1934). In addition, 
there were reports of clinical recovery from hypoparathyroidism 
following transplantation of human parathyroid tissue which had 
been pretreated by organ culture in the "body fluids" of the 
recipient (Stone et al .~ 1934; Gaillard, 1948). However, 
these experiments were not genetically controlled and the lack 
of direct evidence of graft survival in clinical studies 
failed to exclude the possibility of spontaneous recovery. 
Consequently this culture technique was treated with 
considerable scepticism and was not pursued. 
From an historical standpoint, it is noteworthy that even 
as early as the 1930s modification of the donor tissue 
prior to transplantation was seen as an approach to preventing 
graft rejection. 
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1.2 GRAFT REJECTION AS AN IMMUNE PROCESS 
Studies of tumour transplantation by Gorer provided the 
first conclusive evidence for an immune reaction to foreign 
tissue. The presence of donor-specific antibodies in mice 
carrying rejected allogeneic tumour grafts suggested that 
foreign antigens carried on the donor tissue played a role in 
activating the host's rejection response (Gorer, 1937). 
However, it was not until Medawar's classical studies of skin 
graft rejection in rabbits that the rejection process was 
shown unequivocally to represent an actively acquired immune 
response. This conclusion was based on the accelerated or 
"second-set" rejection of a secondary skin allograft 
transplanted to hosts carrying a primary allograft from the 
same donor. The recall was specific for the primary donor 
type and the rejection response was systemic (Medawar, 1944). 
Together, these properties fulfilled the definition of activ e 
i mmunity . 
1.2.1 Evidence for a relationship between antigen 
recognition and graft rejection. 
In subsequent studies, Medawar demonstrated tha t second-
set rejection of skin allografts was elicited equally well by 
prior immunization of the hosts with blood leukocytes of the 
same donor specificity. On the basis of this finding Medawar 
proposed that the leukocytes and skin expressed common 
antigens (Medawar, 1946). Implicit in this explanat i on was 
the notion that recognition of foreign antigen activated the 
graft rejection response . This idea later formed the basis 
of the "traditional" conce p t o f graft rejection (Sect ion 1 . 2 . 3 ) . 
Addressing the nature of immune reactivity in a much 
broader context, Burnet and Fenner (1949) developed a 
theoretical model based on the principle that contact with 
foreign antigen led to expression of immune responsiveness. 
To account for the discrimination between self and non-self 
(i.e. foreign) determinants, they postulated that non-
5 
reactivity to self-components was learnt early during ontogeny. 
Thus, it was predicted that exposure of foreign antigen to an 
individual during embryonic life should prevent the develop-
ment of immune reactivity and hence induce a state of antige n-
specific "tolerance" in later life. This notion subsequently 
revolutionized the direction of immunological research. 
However, initial attempts to verify the postulate were 
unsuccessful. Using the chick embryo model and antibody 
production as a test for immune responsiveness, Burnet et al . 
(1950) failed to demonstrate tolerance to a range of antigens 
including influenza virus, bacteriophage Cl6 and human red 
blood cells. 
At the same time, Medawar and his colleagues were 
seeking ways to overcome the immunological problem of 
allograft rejection. Consequently they chose to test the 
principle of tolerance induction. Foetal mice of a highly 
inbred strain were immunized in ute r o with a composite cell 
suspension of allogeneic spleen, kidney and testis ti ssueso 
As adults, the mice were challenged with a skin graft of the 
same donor specificity. The long-term survival of a 
proportion of grafts provided convincing evidence for the 
active induction of immunological tolerance. Additional 
studies clearly showed that the t olerance was spec i f ic for the 
cell donor strain and the phenomenon was confirmed in other 
animal models including the chick embryo, newborn mouse and 
chick (Billingham et al.~ 1953, 1956a). 
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The discrepancy between these studies was later traced 
to the persistence of the test antigen(s) following host 
inoculation (Smith and Bridges, 1958; Mitchison, 1959). In 
any case, the demonstration that graft rejection could be 
prevented by inhibiting antigen recognition provided 
conclusive evidence that the rejection response represented 
an immune phenomenon. 
1.2.2 The cellular nature of allograft rejection 
Further efforts to analyse the mechanism of graft 
rejection focussed on the capacity of various cell and cell-
free fractions to passively transfer transplantation immunity 
to naive recipients. Using this approach, Mitchison (1953, 
1954) found that by prior treatment of naive hosts with a 
suspension of regional lymph nodes taken from mice sensitized 
by a tumour allograft, tumour allografts of the same specificity 
were rejected in second-set fashion. However, immune serum, 
peritoneal cells and non-regional lymph node cells from the 
same sensitized donors were ineffective in transferring 
immunity (Mitchison, 1953, 1954). Billingham et al . (19 5 4) 
confirmed this phenomenon by showing that immunity to murine 
skin allografts could be similarly transferred using immune 
lymph node cells or spleen cells but not serum, whole b lood 
or blood leukocytes. 
Failure to demonstrate an effect of immune serum in this 
system argued against a direct contribution of antibody to 
acute graft destruction. Thus, graft rejection was r e cognized 
as a cell-mediated event. Cytological analyses of lymph 
nodes draining the site of tissue allografts subsequently 
identified a specific cellular response characterized by 
proliferation and blastogenesis (Scothorne, 1957). These 
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findings provided strong evidence for the notion that the 
regional lymph nodes represented the primary site of immune 
reactivity. This property was consistent with their superior 
capacity to passively transfer transplantation immunity. 
Further support for the cellular basis of graft 
rejection was shown when adult mice,which had been rendered 
tolerant during foetal life, demonstrated a restored capacity 
to reject tolerized skin allografts after receiving an 
inoculum of isogeneic normal or immune lymph node cells 
(Billingham et al . ., 1954). Gowans et al . (1962) used a 
similar experimental system to show that F1 skin allografts 
carried by tolerant rats could be rejected following the 
transfer of isogeneic thoracic duct lymphocytes. However, 
the contribution of lymphocytes to the graft rejection process 
was somewhat confused by the popular concept that all lympho-
cytes represented the precursors of antibody-forming cells 
(Gowans et al . ., 19 6 2) . This notion was clearly inconsistent 
with the failure of immune serum to transfer transplantation 
immunity. Nevertheless, the data reinforced the cellular 
nature of graft rejection. It should be pointed out here that 
the ns ccessful at.te pt by Billingham and co- ,orkers (1954) 
to transfer transplantation immunity using blood leukocytes 
was probably due to the low level of sensitized lymphocytes 
circulating in the blood early after sensitization. 
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1.2.3 The "traditional" concept of graft rejection 
On the basis of the experimental evidence already 
discussed (Section 1.2), an overall picture of the events 
leading to graft rejection was promptly formulated. According 
to Medawar's interpretation, graft antigens were passively 
transported to the regional lymph nodes where they activated 
the rejection response (Medawar, 1956-1957). In other words, 
Medawar saw that antigen recognition was sufficient require-
ment for lymphocyte activation (Medawar, 1963). In addition, 
he proposed that all nucleated cells of an individual carried 
the same transplantation antigens (Medawar, 1956-1957). These 
ideas offered a simple explanation for two important 
observations: firstly, the capacity of blood leukocytes to 
immunize against skin allografts of the same donor specificity 
and secondly, the induction of tolerance to skin allografts 
by early exposure to donor-specific antigens on other tissues, 
including spleen. Further support for his concept was 
provided by the demonstration that crude cell-free extracts 
of allogeneic spleen, thymus and lymph node tissues could 
provoke the accelerated rejection of skin allografts of the 
same donor type (Billingham et al .~ 1958). 
Even so, the phenomenon of immunological enhancement 
presented an obvious paradox to the hypothesized role for 
antigen in graft rejection. In this system, prior 
immunization with homogenates or extracts of fresh, frozen or 
lyophilized tissues substantially prolonged the survival of 
tumour allografts of identical donor specificity (Snell, 1952; 
Day et al .~ 1954). Similarly, Billingham et al . (1956b) 
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reported enhanced survival of skin allografts in mice by 
pretreatment with lyophilized preparations of kidney, spleen 
and liver tissues. The demonstration that graft enhancement 
could be achieved by the passive transfer of the globulin 
fractions of donor-specific antiserum established an antibody-
mediated mechanism (Kaliss and Kandutsch, 1956) and hence a 
role for antigen in the induction of active enhancement. 
Graft rejection and enhancement, the "Yin" and "Yang" of 
transplantation biology, therefore appeared to share antige n 
as the active agent. 
Nevertheless, Medawar's postulate that foreign antigens 
on graft parenchymal cells represented the barrier to 
allotransplantation was widely accepted and in more recent 
years acquired the title of the "traditional" concept of graf t 
rejection. Moreover, an attractive explanation for the 
immunological and genetic contributions (Section 1.1) to graft 
rejection was the idea that tissue antigens were membrane-
bound products of the histocompatibility genes which controlled 
tissue transplantability (Snell, 1957a). On these grounds , 
the technique of organ culture, mentioned earlier (Section 
1.1), was strongly criticized as an "infirm" attempt "to 
change the antigenic constitution of a graft" (Medawar , 1957) 
and hence to modulate gene expression. In compliance with 
Medawar's doctrine, the principle of pretreating donor tissue 
prior to grafting was abandoned and attention turned to ways 
of modifying host immune responsiveness. Two basic methods 
were pursued: host immunosuppression using corticosteroids, 
irradiation or antilymphocyte serum (Medawar, 1957; Woodruff 
and Anderson, 1964) and tissue matching, a procedure developed 
1 0 
specifically for clinical transplantation (Goldsmith , 1965) . 
Extensive immunogenetic studies have shown now that 
transplantation antigens are determine d b y a t ight 
assembly of genes called the major histocompatibility 
complex or MHC. 
1 . 3 THE MAJOR HISTOCOMPATIBILITY COMPLEX 
The MHC of the mouse, commonly referred to as the H- 2 
complex, has been reviewed recently by Klein (Klein, 197 9 ; 
Klein et al . ., 1981). A summary of this information fo r ms 
basis of this sect i on . 
The H-2 complex lS located on chromosome 17 and lS 
the 
divided into three main regions designated K , I and D . Th e 
Kand D regions code for membrane-bound glycoproteins with a 
molecular weight of 45,000 daltons. The close homology in the 
primary structure of these products persuaded Klein (1 97 9 ) to 
classify them together as class I molecules. Each molecule 
consists of a single polypeptide chain and is noncovalently 
associated with a small polypeptide called s 2-microglobulin. 
This smaller molecule has a molecular weight of 12 , 00 0 daltons 
and is encoded by a locus located on chromosome 2. The 
composite products are referred to as H- 2 antigens . The I 
region codes for cell surface glycoprot eins compo s e d of two 
noncovalently linked polypeptide chains cal led a and s . The 
a and S molecules have molecular weights o f approximately 
32,000 and 28,000 daltons respectively. The I r egion p rodu c t s 
are called class II molecules and they form the I region -
associated or I a antigens. Unlike class I antigens which 
appear to be represented on all body t issues, cl a s s II 
ant ige ns display a restricted tissue distribution . Th e Ia 
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antigens are detected principally on lymphoid tissues, 
due to their expression on macrophages as well as on both T 
and B lymphocytes (Hammerling, 1976). 
The H-2 complex is extremely polymorphic and both the 
class I and class II loci display a large range of alleles o 
The allelic composition of the H-2 complex is referred to as 
the haplotype and is designated by an alphabetical superscript, 
d 
e.g. H-2 . The molecular products of histocompatibility loc i 
located outside the MHC are less well defined and are re fer re d 
to as minor or non-H-2 histocompatibility antigens (Klein , 
1975a) . 
Similar MHC systems have been described for a number of 
species including man, rat, pig, monkey, chicken and dog 
(Klein, 1975b). Amino acid sequencing studies have indicated 
that class I molecules show strong homology amongst different 
species (Klein, 1979). 
Although the H-2 loci were originally defined as gen e s 
controlling tissue transplantation, in vitr o studies have 
indicated that the basic function of the MHC is to control 
immune responsiveness in a much broader capacity ~ Th i s 
regulation is achieved at the level of thymus-derived or T 
lymphocytes (Klein et al.~ 1981). The H-2 complex restricts 
the specificity of T cells activated against virus-infected 
targets, controls the provision of T cell "help" req uired for 
the differentiation of B lymphocytes into antibody-producing 
cells, and harbours immune response (I r) genes some of which 
control helper T cell reactivity and hence the leve l of 
antibody production to a range of antigens. The MHC a l so 
determines the reactivity of mi xe d lymphocyte cul t ures (MLCs). 
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In a one-way MLC where responder T cells are mixed with H-2 
incompatible lymphoid cells, pretreated either by gamma-
irradiation or Mitomycin C to inhibit cell proliferation, the 
responding T cell population is stimulated to proliferate and 
express cytotoxic activity specific for targets bearing the 
H-2 type of the stimulating cell population. In particular, 
the H-2 complex controls the activation of different sub-
classes of T lymphocytes which are distinguished by the 
expression of T cell-specific Lyt antigens: Lyt-1, Lyt-2 and 
Lyt-3 (Cantor and Boyse, 1975). T cells activated against 
+ + + 
class I antigens carry the Lyt-1 2 3 phenotype; those 
+ 
responsive to class II structures express only the Lyt-1 
+ - -antigen, i.e., Lyt-1 2 3 (Cantor and Boyse, 1975; Ledbetter 
et a Z.:, 1980). 
This array of H-2 controlled traits strongly suggests a 
role for T cells in graft rejection. The experimental evidence 
for this notion will be examined in detail, in the following 
section. 
1.4 MECHANISMS OF GRAFT REJECTION 
Experimental evidence presented in an earlier section 
(Section 1.2) supported the claim that graft rejection was a 
cell-mediated immune response. Moreover, the capacity for 
transferred lymphocytes to abrogate an expe rimentally-induced 
state of tolerance to tissue allografts argued a central role 
for lymphocytes in the rejection reaction. In this section, 
the evidence favouring the cellular basis of graft r e j ection 
is expanded to reveal the process as a complex network of 
immune mechanisms. 
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1.4.l Evidence supporting a role for T c e lls in gra f t 
rejection 
Studies performed on neonatally thyrnectomized mice 
demonstrated prolonged survival of skin allografts and xeno-
grafts, coupled with severe depletion of the lymphocyte 
sub-population of lymph nodes and spleen (Miller, 1961; 
1962). Similar findings were reported for the rat, hamster 
and chicken (Miller and Osoba, 1969). Reconstitution o f 
thymectomized neonatal mice with histocompatible foetal o r 
neonatal thymus transplants essentially restored the capaci ty 
to reject allogeneic skin grafts (Miller, 1961; 1962). Taken 
together, these reports suggested that graft rejection was a 
thymus-dependent operation. The failure of genetically 
athyrnic mice to reject foreign skin grafts (Wortis, 1971; 
Manning et a l., 1973) together with the restoration of al l o-
graft reactivity following transplantation of normal thymus 
(Wortis et al ., 1971) provided further support for this 
notion. The requirement for thymus function, in conjunction 
with the established capacity of lymphocytes to provoke gra f t 
rejection (Section 1.2.2), provided a fairly strong case for 
the involvement of thymus-derived T lymphocyt es i n t h e 
rejection process. 
The adoptive cell transfer system has been use d to 
examine this hypothesis. In these studi es, hosts were 
rendered immunologically incompetent either by ne onatal 
thymectomy or sub-lethal irradiation. Using the f ormer 
procedure, Sprent and Miller (1972a ) inoculated P1 mi ce 
bearing intact P2 and P 3 skin allografts, with thoracic duct 
lymphocytes (TDL) derived from a population of P1 thymocytes 
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(T cell precursors) which had been sensitized &n V&V O to P2 
alloan tigens, i.e. "T. TDL" . The speci f ic and acce l erated 
rejection of the P2 allograft was attributed to the 
contribution of activated T cells to the immune respon s e . 
However, while these findings strongly suggest a major ro le 
for T cells in mediating the rejection response, the data are 
not conclusive. This criticism is based on the cellular 
composition of the T.TDL inoculurn and the experimental des i gn . 
Analysis of the T.TDL population with specific antisera and 
complement revealed that up to 96% of the cells expressed t he 
thymocyte-lineage-specific e antigen, but did not carry k appa , 
an immunoglobulin marker for B lymphocytes (Sprent and Mi lle r , 
1972b). Therefore, the T.TDL represented a highly enriched 
but impure population of T cells. In addition, only 60 % o f 
the T.TDL were blast cells (Sprent and Miller, 1972b). Thus, 
a substantial proportion of the inoculurn were resting T cells. 
The possible contribution of non-T cells and resting T cells 
to the rejection mechanism therefore cannot be excluded. A 
solution to the former problem would have been to treat the 
T.TDL population, in a parallel experiment, with anti- e serum 
and complement prior to transfer. The continued survival of 
the relevant skin graft would then have verified that t he 
rejection mechanism was a T cell-dependent phenomenon. 
However the low cytotoxic titres of the alloantise r a prepared 
at that time may have prevented this approach. Ce r tainly the 
monoclonal anti- e sera available today would overcome this 
technical difficulty. The selective removal of resting T 
cells from the inoculurn would not have been possible at the 
time of Spre nt and Miller's study; using the modern 
facility o f the Fluore sce nce -Acti vated Ce l l So r ter (FACS), 
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this separation could probably be achieved today. 
Hall and colleagues (1978a) transferred various cell 
populations to sub-lethally irradiated rats carrying 
functioning heart allografts. They demonstrated that the 
capacity to restore the graft rejection response was a 
function of lg-negative, recirculating, long-lived lymphocytes. 
lrnrnunofluorescence staining techniques showed that 95% of the 
recirculating lymphocytes were T cells. The tempo of graft 
rejection following reconstitution with unfractionated cells 
(lymph node cells or thoracic duct lymphocytes) was similar to 
that observed with lg-negative cells. An important finding was 
that the absence of a detectable level of antibody in the serum 
of rats treated with lg-negative lymphocytes indicated that 
antibody did not contribute to heart allograft rejection. On 
the basis of these findings, the authors concluded that T 
cells were responsible for mediating graft rejection. Once 
again, however, the small degree of contamination of these 
inocula with non-T cells renders the evidence for this role 
suggestive. Furthermore, a different mechanism for second-set 
rejection was indicated when the memory cells were shown to 
belong to a distinctly separate pool of lg-negative, long-
lived cells which did not recirculate (Hall et a l.~ 1978b) 0 
More recent reports have presented convincing evidence 
that T cells mediate the process of graft rejection. These 
findings are outlined in the final chapter of this thesis 
( Chapter 7) . 
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1.4.2 The inflammatory cell response 
The recovery of cell populations infiltrating rejectin g 
allografts, by enzymatic digestion or mechanical procedures, 
has revealed that the inflammatory response is heterogeneous 
and dynamic. Cell fractionation procedures and irnrnuno-
fluorescence techniques have shown that in addition to T 
cells, a variety of other mononuclear leukocytes participate; 
these include non-T lymphocytes, B lymphocytes, monocytes, 
macrophages and null cells. The relative contribution of each 
cell type to the cellular infiltrate is influenced by a 
number of parameters: the nature of the tissue allografted, 
the post-transplant time at which the infiltrate is analysed 
and, to a lesser extent, the method of cell recovery (for 
review, see Carpenter, 1981). The development of the sponge 
matrix allograft model for rodents markedly improved the 
quantitative recovery of viable cells by overcoming the need 
for proteolytic digestion. In turn, this system facilitated 
assessment of the possible contribution of different classes 
of infiltrating cells to graft destruction (Roberts and Hayry, 
1977). 
In order to identify potential rejection mechanisms , the 
various infiltrating cell sub-populations have been tes ted 
for the capacity to lyse 51chromiurn-labelled donor-speci fic 
targets in vi t r o . In the case of rat heart allografts and 
murine sponge matrix allografts, treatment of the inf i ltrate 
with T cell-specific antiserum plus complement, demonstrated 
that T lymphocytes were the predominant cytotoxic cel l 
population during the early post-transplant period (Strom 
et al . ., 1977; Wiktorowicz et a l . ., 1978; Asche r et al . ., 1979). 
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However, at later stages of sponge matrix allograft rejection, 
the majority of lymphocyte-mediated cytotoxicity was 
attributable to non-T lymphocytes (Roberts and Hayry, 1977). 
Enrichment for Fe-receptor-bearing cells using rosetting 
techniques demonstrated that monocytes and macrophages were 
also active in target cell lysis (Roberts and Hayry, 1977). 
In addition, the rat heart allograft model provided evidence 
for an Fe-receptor-positive cell population,distinct from 
macrophages, which lysed target cells coated with anti-donor 
IgG (Strom et al .~ 1977). Thus, antibody-dependent 
cell-mediated cytotoxicity was shown to represent another 
potential mechanism of graft rejection. 
These studies have demonstrated that in addition to T 
cells, several different infiltrating cell types have the 
potential to express effector cell function. Of interest is 
the report by von Willebrand and Hayry (1978) that the 
parenchymal cells of human kidney allografts were not 
destroyed in vitro by the relevant graft-infiltrating cells 
whereas donor-specific macrophages were readily lysed. Whether 
this failure was due to difficulties in labelling the 
parenchymal cells with radioisotope or to an inherent, low 
susceptibility to cell-mediated lysis cannot be determined 
from the available data. In any case, the relationship 
between target cell lysis &n vitro and the contribution to 
allograft destruction in vivo remains speculative. 
The factors which regulate the non-specific 
inflammatory response are unknown. However, available data 
suggest that multiple regulatory mechanisms may operate. 
Examination of the specificity of cytotoxic T cells which 
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accumulate in two unrelated allografts carried by the same 
host revealed that each infiltrate contained T cells 
cytotoxic for both the relevant and partner grafts; only a 
marginal preference for the relevant graft was demonstrated 
(Strom et al., 1977; Ascher et al., 1979). These findings 
indicate that graft alloantigen per se is probably not the 
maJor factor influencing the localization of T cell effectors. 
Hayry and co-workers (1979) used the incorporation of 
tritiated thymidine as a monitor for cell proliferation in 
rats carrying kidney allografts. They reported a marked 
proliferation of lymphoid cells and to a lesser extent, mono-
cytes in rejecting kidney parenchyma during the first week 
after transplantation. This response exceeded the peak and 
duration of the specific cellular proliferation in spleen and 
blood. Thus, cell proliferation in situ may help to amplify 
the inflammatory reaction. The high frequency of Fc-receptor-
bearing cells in the infiltrates of rejecting human kidney 
allografts (Strom et al ., 1975; von Willebrand and Hayry, 
1978) together with reports of IgG deposits (Carpenter et al., 
1976) suggest that antigen-antibody complexes may contribute 
to the entrapment of Fe-receptor-positive cells at the 
rejection site. Hoffman and colleagues (1979) reported some 
evidence indicating that the cell-free eluate expressed from 
rejecting sponge matrix allografts contained a factor which 
was chemotactic in vitro for both sensitized and naive lympho-
cytes. This finding suggested that the migration of 
lymphocytes and possibly other inflammatory cells may be 
regulated by chemotaxis. Furthermore, it was proposed that such 
a process may be lymphokine-mediated (Ascher et al . , 1979). 
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This notion is supported by a report by Battler et al. (1973) 
that lymphocytes recovered from a rejecting human kidney 
graft released a number of lymphokine activities in vitro. 
These included chemotactic factors for neutrophils and 
monocytes, mitogenic factor for lymphocytes, migration 
inhibition factor (MIF) and a procoagulant activity. Indeed, 
lymphokines play a major role in regulating the inflanrrnatory 
processes occurring in delayed type hypersensitivity reactions 
(Adelman et al.~ 1979). 
As mentioned previously, there is good evidence 
indicating that the process of graft rejection is T cell-
mediated (Section 1.4.1). However, there is a need to 
distinguish between the capacity of T cells to trigger graft 
rejection and to act as effectors in graft destruction. 
Evidence outlined here has demonstrated the potential for the 
latter function. There is also an abundance of literature 
describing the regulatory functions of T cells expressed in 
vitro. T cells activated either by alloantigen or mitogen 
release a variety of lymphokine activities including macro-
phage migration inhibition factor (MIF), mitogenic factor (MF), 
mononuclear cell chemotactic factor (MCF), macrophage 
activation factor (MAF), colony stimulating factor (CSF), and 
T cell replacing factor (TRF) (Rosenstreich and Wahl, 1979). 
Whether these activities function as inflammatory mediators in 
the allograft rejection reaction, as the evidence suggests for 
delayed hypersensitivity, is unknown. Nevertheless, this 
notion offers an attractive explanation for the mandatory 
requirement for T cells to procure graft rejection. 
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1.4.3 The role of antibody in graft rejection 
Following early failures to show passive transfer of 
transplantation inununity to naive recipients using immune 
serum, it was generally accepted that antibody played little 
role in the rejection of solid tissue allografts (Section 
1.2.2). This premise persisted up until the mid-1960s when 
it was diagnosed that the "hyperacute" rejection of human 
kidney allografts was attributable to the presence of pre-
existing anti-donor antibodies in the serum of the transp l an t 
recipients (Kissmeyer-Nielsen et al .~ 1966; Williams et al .~ 
1968). This reaction was characterized by an extremely rapid 
onset, usually within minutes or hours following vascular 
anastomosis, and the absence of mononuclear cell infiltration 
in histological sections of the graft tissue. The 
accumulation of polymorphonuclear leukocytes within the graft 
vasculature during the early rejection period, followed later 
by evidence of fibrin deposition and thrombosis, indicated 
that graft failure was due to vascular obstruction (Kissmeyer-
Nielsen e t a l.~ 1966; Williams et a l.~ 1968; Milgrom , 1977) . 
These properties clearly distinguished the rejection me chani s m 
from the conventional cell-mediated immune processes. 
Follow-up studies in rodent transplantation mode ls 
confirmed the phenomenon of antibody-mediated reject ion by 
passively transferring donor-specific antiserum to inununo-
suppressed hosts carrying either intact allografts or 
xenografts. The sensitivity of foreign grafts to antibody-
mediated attack was shown to depend on the nature of the 
tissue grafted and the post-transplant time at which the 
antiserum was administered. The hyperacute reject i o n response 
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to skin allografts in rats and mice was evoked providing the 
alloantiserum was administered between days 5 to 10 and days 
10 to 16 after transplantation, respectively (Gerlag et al., 
1975; Jooste and Winn, 1975). Treatment at earlier times 
resulted in enhanced allograft survival (Gerlag et al., 1975); 
at later intervals after transplantation, the grafts were 
insensitive to attack (Jooste and Winn, 1975). A similar 
waning of sensitivity was reported for rat skin xenografted to 
mice (Burdick et al., 1979). In contrast, rat heart 
xenografts were susceptible to antibody-mediated destruction 
immediately following transplantation and remained sensitive 
thereafter (Burdick et al., 1979). Taken together, these 
findings suggested that vascular endothelium of donor origin 
represented the target for antibody-mediated attack. The 
long-standing sensitivity of immediately vascularized heart 
grafts was consistent with this notion. The initial 
resistance of skin grafts was tentatively explained by the 
time required for the anastomosis of donor and host blood 
vessels, and hence the establishment of a functioning vascular 
network by which the antibody could gain access to donor 
antigens (Jooste and Winn, 1975; Gerlag et al., 1975). 
Furthermore, it seemed reasonable that the resistance of long-
established skin grafts was due to the eventual replacement 
of donor endothelium by host endothelial cells (Burdick et a l., 
1979). More recent reports have provided conclusive evidence 
to support this proposal (see Chapter 7). Thus, these 
findings reinforce the clinical evidence for an antibody-
mediated rejection mechanism directed against graf t vascular 
endothelium. 
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Further studies have demonstrated that antibody-mediated 
hyperacute rejection is complement-dependent. The hyperacute 
rejection of kidney and skin allografts in rodents was 
observed only when the hosts were treated with an exogenous 
source of active complement (French, 1972; McKenzie and 
Henning, 1978). These findings suggest that in at least some 
strains of rats and mice, the fixation of native complement is 
insufficient to service this rejection process. Winn and 
colleagues (1973) showed that the acute destruction of rat 
skin xenografts in mice was inhibited if the hosts were 
treated with non-complement-fixing anti-donor antiserum or 
F(ab') 2 antibody fragments, or pretreated with cobra venom 
factor to deplete circulating complement levels. Moreover, 
the response was mitigated in mice genetically deficient in 
some complement componentso Interestingly, the role of 
complement appears to be unrelated to antibody-mediated 
cytotoxicity. This conclusion is based on the failure to 
observe hyperacute rejection when complement was present and 
the circulating level of polymorphonuclear cells was depleted 
by the administration of nitrogen mustard or specific anti-
serum (Winn et al.~ 1973). Thus polymorphonuclear cells, 
which feature prominently in the hostologic appearance of the 
intravascular inflammatory reaction, appear to represent an 
obligatory component in antibody-mediated graft destruc tion. 
These findings have suggested that the process o f 
antibody-mediated rejection is initiated by the complexing of 
antibody to donor antigens presented on vascular endothelial 
cells. In mice, this reaction is directed against clas s I 
antigens (McKenzie and Henning, 1978). A reasonable 
hypothesis is that the activation of the complemen t c as cade by 
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these immune complexes results in the local production of 
chemotactic factors which cause polymorphonuclear leukocytes 
and probably other inflammatory cells to localize within the 
graft vasculature. It is envisaged that graft necrosis results 
from primary damage to the vascular bed (Winn et a l., 1973). 
It is evident that,under normal conditions i n vivo, 
immediately vascularized allografts represent the most likely 
targets for humoral rejection. The extent to which humoral 
immunity contributes to graft destruction is likely to depend 
on the presence of pre-existing anti-donor antibodies, or 
cross-reactive antibodies, and of an active host 
complement system. Nevertheless, in the absence of these 
conditions, anti-donor antibody may contribute to graft 
rejection via the process of antibody-dependent cell-mediated 
cytotoxicity which does not require complement fixation 
(Section 1.4.2). 
1.5 REQUIREMENTS FOR LYMPHOCYTE ACTIVATION 
According to Medawar's dogma, recognition of foreign 
antigen alone provided the stimulus required for lymphocyte 
activation (Section 1.2.3). However, over the last decade , a 
considerable body of evidence has indicated that such an 
assumption is no longer tenable. This section reviews t h e 
evidence provided by studies of graft-versus-host (GVH ) 
reactions and the requirements for T cell activation i n vitro . 
1.5.l Graft-versus-host reactions 
Studies of the local GVH reaction generated in rats by 
the inoculation of immunocompetent parental (P 1 ) l ymphoid 
cells under the kidney capsule of ge netical l y tole r a n t 
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(Pl x P2 ) F1 hybrid hosts, indicated that the pathogenesis of 
the GVH lesion was not a consequence of contact between donor 
lymphocytes and alloantigen presented on the surface of 
kidney parenchymal cells (Elkins and Guttmann, 1968). This 
conclusion was based on the following observations: 
(i) The GVH response was inhibited when hosts were made 
leukopenic by total body irradiation, prior to 
lymphocyte grafting (Elkins, 1966). This finding 
suggested that the induction of GVH reactivity was 
dependent on the availability of radiosensitive 
host leukocytes. Moreover, it was evident that 
contact with foreign antigen on radioresistant 
kidney parenchymal cells was an insufficient 
stimulus for the activation of donor lymphocytes. 
These conclusions were supported by the failure of 
local irradiation to eliminate the GVH response 
(Elkins, 19 71) . 
(ii) Parental (P1 ) lymphocytes transferred beneath the 
capsule of an isogeneic P1 kidney grafted to an F1 
host also produced a local GVH-type reaction 
(Elkins and Guttmann, 1968). However, in this 
situation, a specific irrunune response was precluded. 
Consequently, the tissue damage was envisaged as a 
by-stander effect of an interaction between donor 
lymphocytes and host leukocytes perfusing the 
grafted kidney. 
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Thus, GVH reactions were seen to involve an immune inter-
action between donor lymphocytes and host leukocytes. However, 
the demonstration of non-specific tissue damage suggested 
that a non-specific inflanunatory process represented a 
potential component of the conventional GVH response. 
The chick embryo has been used as an alternative model 
for examining the requirements for GVH reactivity. In this 
system, the embryo host is immunologically incompetent and 
GVH reactions are routinely generated by the inoculation of 
allogeneic adult lymphoid cells (Simonsen, 1962). However, 
in our laboratory, Lafferty and Jones (1969) failed to observe 
GVH responses when lymphoid cells from unrelated birds, e.g. 
pigeon, or from mammals, e.g. sheep, were used for the 
inoculum. The non-reactive state persisted even though the 
xenogeneic cells survived and were capable of expressing 
normal immune reactivity to allogeneic lymphoid cells which 
had been inoculated into the same embryo host. These 
findings clearly indicated that contact with foreign antigen 
alone was not responsible for initiating GVH reactions in 
the chick embryo. Moreover, the data suggested that there 
was a species-specific component in the activation process. 
Additional studies in the chick embryo demonstrated that 
such transplant reactions involved an interaction between 
foreign lymphoid cells and haematogenous blood cells in the 
embryonic target tissue (Lafferty and Jones, 1969). A GVH-
type situation was simulated by equipping embryos with 
isogeneic adult lymphoid cells and allografting embryonic 
spleen, liver or bone onto the chorioallantoic membrane. 
These allografts were readily rejected. However, pretreatment 
of embryonic spleen and bone by gamma irradiation, and 
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perfusion of the heart allografts with medium prior to 
transplantation, protected the graft tissue from destruction. 
A significant finding was that pretreated heart allografts 
were rapidly rejected if they were perfused prior to trans-
plantation with embryonic spleen cells of the same donor 
specificity. Thus, recognition of alloantigen on tissue 
allografts alone was not responsible for activating the 
transplant reaction. Instead, graft destruction appeared to 
result from an interaction between foreign immunocompetent 
lymphocytes and haematogenous elements in the target tissue. 
This explanation offered some insight into why the 
pathological changes induced by conventional GVH reactions in 
the chick embryo were confined to haemopoietic tissues 
(Lafferty et al.~ 1972). 
Clearly, these GVH studies provided early evidence that 
something other than antigen recognition was involved in 
lymphocyte activation. 
1.5.2 In vitr o studies of T cell activation 
The complexity of allograft reactions in situ,coupled 
with the limited scope for experimental manipulation, prompted 
the development of in vitro systems in which to examine the 
process of lymphocyte activation. 
Early studies demonstrated that when two populations of 
allogeneic lymphocytes were mixed in culture (MLC), the cell s 
underwent blast transformation and proliferated (Bain et al .~ 
1964; Bach and Hirschhorn, 1964). Subsequently, one-way MLCs 
were set up by using either genetically tolerant F1 lympho-
cytes as the stimulating population and parental (P 1 or P2 ) 
lymphocytes as responders, or by blocking the proliferative 
response of one allogeneic lymphocyte population b y 
pretreatment with gamma- or X-irradiation, or Mi tomycin C 
(Kasakura and Lowenstein, 1968; Lafferty and Jones, 1 969; 
Hayry et al .~ 1972). By using this technique, sensiti ze d 
lymphocytes were shown to lyse only target cel ls 
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carrying the same H-2 specificity as the stimulating c e ll 
population (Hayry and Defendi, 1970). The dual demonstra t ion 
of a recognition response and effector activity was taken as 
an indication that the MLC reaction represented an in vitro 
correlate of the process of allograft rejection (Hayry and 
De fend i , 1 9 7 0 ) . 
As outlined previously (Section 1.4.2), graft rejection 
is a complex immune mechanism, probably involving a batte ry 
of inflammatory cell responses. For this reason, the mixed 
lymphocyte culture represented an oversimplified counterp a rt . 
Nevertheless, it provided a convenient system in which to 
analyse the requirements for lymphocyte activation. Cy totoxic 
lymphocytes sensitized in vi v o or in vitro were shown to 
express the e alloantigen and hence were identified as thymus -
derived T cells (Cerottini et al .~ 1970; Wagner et al . ~ 1972). 
Thus, T lymphocytes were recognized as potentially important 
mediators of cellular immunity. However, implicit in the 
interpretation of these studies was the concept t h at 
recognition of foreign antigen initiated the process of T cell 
activation. 
The re is now good evidence that contact wi th f oreign 
antigen by itself is not sufficient to drive the activation of 
T cel l c lone s. This conclusion is drawn frora the f ollowing 
expe rime ntal findings: 
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1. The capacity to stimulate T cells was shown to be a 
property of metabolically active cells. Lymphocytes 
killed by ultraviolet (UV) irradiation failed to 
activate allogeneic lymphocytes, although they were 
shown to express histocompatibility antigens 
(Lindahl-Kiessling and Safwenberg, 1971; Lafferty 
et al., 1974; Hayry and Andersson, 1976). Disruption 
of metabolic integrity by a variety of procedures 
including freezing and thawing, freeze drying, 
heating (45°c) and treatment with chemical agents 
such as urea, acetone, aldehydes and iodo-acetic acid, 
abolished stimulatory activity without causing 
obvious damage to cell surface antigens (Hardy et al., 
1970; Schellekens and Eijsvoogel, 1970). It should 
be pointed out here that initial reports of 
significant stimulation of primary MLCs by 
subcellular membrane fractions (Wagner and Boyle, 
1972; Corley et al., 1975) were subsequently not 
confirmed (Engers et al., 1975; Hayry and Andersson, 
1976; Fast and Fan, 1978). The reason for these 
discrepancies is not understood. 
2. Cell viability pe r s e did not distinguish stimul ato r 
cell status. Antigen-bearing non-lymphoid cells s uch 
as erythrocytes, fibroblasts or cultured e pi thelial 
tumour cells failed to stimulate allogeneic lympho-
cytes (Hardy and Ling, 1969; Greineder and Rosen thal, 
1975; Talmage et al ., 1977). Polymorphonucle a r 
leukocytes were also inactive (Greineder and 
Rosenthal, 1975). 
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3. The process of T cell activation showed phylogenetic 
restriction; little or no response was generated 
against xenogeneic leukocytes obtained from phylo-
genetically unrelated donors (Lafferty and Jones, 
1969; Wilson and Nowell, 1970; Greineder and 
Rosenthal, 1975; Lafferty et a l., 1978). However, 
the species-specific reactivity was not absolute 
since proliferative responses were demonstrated when 
the stimulating and responding cell populations were 
derived from closely related species (Main and Cole, 
1966; Woolnough et al ., 1979). 
Taken together, these findings indicated that the 
mechanism of T cell activation involved the presentation of 
foreign antigen on the surface of a metabolically active 
lymphoid cell, in conjunction with a species-specific 
component. 
1.5.3 Theoretical models for the mechanism of T cell 
activation 
In 1970, Bretscher and Cohn propounded their theory of 
self-nonself discrimination and the induction of the humoral 
response. In simple terms, the theory proposed that t wo 
signals were required for lymphocyte activation. I n the 
following years this concept was adopted by Lafferty and 
Cunningham (1975) as the basis for a theoretical model of the 
mechanism of T cell activation. 
In terms of the Lafferty mode l, T cell activation was a 
two-signal process which required the presentation o f foreign 
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antigen (Signal 1) in combination with an induct ive stimulus 
(Signal 2), later called the lymphocyte costimul ato r (La fferty 
and Cunningham, 1975; Lafferty et al .~ 1978). This concept 
suggested the participation of a stimulator (S+) ce ll which 
was capable of providing both signals. Experimentally , cells 
+ 
of lymphoreticular origin expressed the S phenotype, p rov i ded 
their metabolic integrity was preserved (Lafferty and 
Cunningham, 1975; Talmage et al .~ 1977). Antigen-bearing 
non-lymphoid cells and S+ cells rendered metabolically inactive 
by UV-irradiation failed to stimulate allogeneic lymphocytes 
and therefore were designated S cells. An important f inding 
was that this inability was rectified by supplementing t he 
mixed cell cultures with the supernatant obtained from Con A-
activated spleen cells (Talmage et al .~ 1977; Lafferty 
et al .~ 1978). This demonstration provided early experiment a l 
evidence for the existence of a lymphocyte costimulator 
(Signal 2). Moreover, the presence of costimulator by itself 
was insufficient to stimulate T cell activation. Both the 
presentation of foreign antigen on the surface of S cel ls 
together with a source of costimulator were obligatory for 
the initiation of the activation process. Thus, the 
experimental evidence supported the two-signal model of T cell 
activation. In addition, these findings suggested that the 
inactivation of S+ cells by UV-irradiation was attributable to 
the cellular metabolism required for the production and/or 
release of the costimulator (Lafferty et al .~ 1978 ) . 
The support for this two-signal model was strengthened 
when it was s hown that costimulator a ctivity was s pecies-
specific (Laffe rty et al .~ 1978; Woolnoug h et al . ~ 1979). 
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Following the demonstration of a normal precursor frequency 
for xenoreactive T cells, the phylogenetic restriction in the 
mechanism of T cell activation was attributed to the species-
specificity of the lymphocyte costimulator (Woolnough et al., 
1979). In other words, species compatibility between the 
donors of the costimulator and responding lymphocytes was 
required for the expression of xenoreactivity. 
Subsequently, Bach and co-workers (1976) proposed an 
alternative mechanism for T cell activation. Their model for 
the induction of the cytotoxic T cell response distinguished a 
functional role for different T cell subsets. In brief, the 
activation process required two signals; the first signal 
was provided by the recognition of class I alloantigens 
presented on the stimulating cell, by the cytotoxic T cell 
precursor. This signal induced the differentiation of the 
precursor cell to a "poised" cytotoxic cell. A separate 
population of T cells (helper T cells) activated solely by 
the recognition of class II antigens also expressed on the 
surface of the stimulating cell, then provided the second 
signal or 11 help 11 required to transform the poised cytotoxic 
cell into the fully differentiated T cell effector. 
Thus, the Bach model postulated a dichotomy in the 
requirements for the activation of T cells by class I and 
class II alloantigens; although one signal was required to 
activate helper T cells, two signals were necessary for the 
activation of cytotoxic T cells. In contrast, the Lafferty 
model made no such distinction. Recent evidence demonstrating 
that helper T cells also require two signals for activation, 
will be outlined in Chapter 7. 
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Several experimental observations have not supported 
another basic assumption of Bach's model; that the 
recognition of class II alloantigens provides the second 
signal required for the induction of a cytotoxic T cell 
response. Gamma-irradiated P815 mastocytoma tumour cells and 
gamma-irradiated EL-4 lymphoma cells, which do not express 
class II antigens, have been shown to generate strong 
cytotoxic T cell responses (Lafferty et al.~ 1978). 
Similarly, cytotoxic T cells have been demonstrated in MLCs 
where the stimulating and responding populations differed in 
only class I antigens (Bach and Alter, 1978). These 
discrepancies led Bach to postulate that an alternative path-
way for T cell activation operated in the presence of only 
class I antigenic differences (Bach and Alter, 1978; Bach 
et al.~ 1979). Nevertheless, this provision did not explain 
the failure of UV-irradiated allogeneic spleen cells,which 
carry both class I and class II antigens, to stimulate a 
cytotoxic response (Lafferty et al.~ 1974). 
Using an in vivo system for sensitization, Batchelor 
et al. (1978) also concluded that two signals were required 
for the activation of cytotoxic T cells. They immunized mice 
with membrane fragments carrying class I alloantigens in the 
presence or absence of class II alloantigens, and showed that 
in both situations the host lymphocytes failed to demonstrate 
cytotoxic activity when tested in vitro against donor-specific 
targets. In contrast, immunization with heavily irradiated, 
viable allogeneic lymphoid cells stimulated a strong cytotoxi c 
response. These findings suggested that the second signal was 
provided by a viable lymphoid cell. Furthermore, positive 
cytotoxic responses obtained using EL-4 lymphoma cells as 
immunogens supported Lafferty's observations that class II 
antigens did not provide the second ·signal. 
1.6 THE BARRIER TO ALLOTRANSPLANTATION 
1.6.1 A theoretical approach 
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From a theoretical viewpoint, the various models for the 
pathway of T cell activation provide a clue to the mechanism 
of graft rejection, a T cell-dependent process (Section 1.4.1 ) . 
Each model discussed in the previous section (Section 1.5.3) 
shares the common postulate that lymphoid cells or "passen ger 
leukocytes" carried passively within a tissue transplant 
constitute the major source of tissue immunogenicity (Lafferty 
and Talmage, 1976; Sollinger and Bach, 1976; Batchelor, 
1978). 
According to the Bach model, passenger leukocytes are 
immunogenic because they provide the class II alloantigens 
necessary for helper T cell induction (Sollinger and Bach, 
1976). However, in view of the in vitro evidence agains t t he 
one-signal model for helper T cell activation (Section 1. 5 . 3) 
and the rejection of tissue allografts in the presence of only 
class I antigenic disparities (Klein, 1972; McKenzie and 
Snell, 1973; Klein et al .~ 1976) this theory will not be 
considered further here in relation to tissue t ransplantation. 
The Lafferty and Batchelor models both see passenger 
leukocytes as the only cells of graft origin that are capable 
of providing both signals required for T cell activation and 
the generation of a graft-speci f i c T cell response. In other 
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words, these two models agree that MHC alloantigens per se 
are weak T cell irnrnunogens and are only rendered irnrnunogenic 
when presented on the surface of metabolically active lympho-
reticular cells (Lafferty and Woolnough, 1977; Batchelor, 
1978). Nevertheless, there appears to be an inconsistency in 
Batchelor's model. Although class II alloantigens are not 
envisaged as the second signal, Batchelor maintains that 
helper T cells are required to generate a strong graft-
specific response (Batchelor, 1978). Implicit in this 
hypothesis is the need for graft stimulator cells to carry 
class II antigens. In view of this confusion, the Lafferty 
model presents a more favourable and explicit prediction for 
the role of passenger leukocytes in graft rejection. 
According to the Lafferty model, blood cells carried 
within the graft, and not transplantation antigen per se ~ 
constitute the major barrier to allotransplantation (Lafferty 
and Talmage, 1976; Lafferty and Woolnough, 1977). In 
compliance with the model's terminology, parenchyrnal graft 
cells express the S phenotype and lyrnphoreticular cells 
present in the graft either as passenger leukocytes or fixed 
tissue components represent a rich source of S+ cells. The 
theory postulates that donor blood cells in the graft can 
contribute to graft destruction by both induction and effector 
mechanisms. Once activated against graft-specific al lo-
antigens on donor leukocytes, host T cells may contribute 
directly to the rejection process via cytotoxic activity, or 
indirectly by recruiting non-specific inflammatory cells of 
host origin to the rejection site, and inducing their 
activation and proliferation (Section 1.4.2). Similarly, the 
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local release of lymphokine(s) by activated T cells following 
alloantigen recognition may influence the activation and 
proliferation of responsive blood cells of donor origin. It 
is conceivable that in situ such responses could lead to 
local, non-specific damage to the graft and thereby contribute 
to the inflammatory component of the rejection response 
(Lafferty and Talmage, 1976; Lafferty and Woolnough, 1977). 
Thus, donor blood cells carried within a tissue transplant 
may play dual roles in the process of allograft rejection. 
Consequently, this theory predicts that pretreatment 
of graft tissue to remove blood cells prior to transplantation 
should facilitate allograft survival. As mentioned 
previously, pioneer studies in the early 1930s hinted that the 
maintenance of graft tissue ~n vitro prior to transplantation 
was beneficial (Section 1.1) o Supportive evidence for 
successful allotransplantation following the pretreatment of 
donor tissue was provided by the studies of GVH-type 
reactions in the chick embryo (Section 1.5.1). Nevertheless, 
the notion of modifying allograft imrnunogenicity represents a 
blatant digression from the traditional view that host 
irnrnunosuppression and tissue-typing constitute the only 
logical solutions to allograft rejection (Section 1.2.3). 
Interestingly, the theory provides a rational explanation for 
Medawar' s observation that mouse leukocytes but not erythrocytes 
were capable of invoking transplantation immunity (Section 
1.2.l; Section 1.2.3; Medawar, 1946). Indeed, early genetic 
studies of tumour transplantation by Gorer et al . (1948) had 
indicated that mouse erythrocytes carried H-2 antigens o 
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1.6.2 The passenger leukocyte concept 
The idea that passenger lymphoid cells played an 
instrumental role in graft rejection was originally advocated 
by Snell (1957b). This proposal was based on the notion that 
donor lymphocytes carried within graft tissue acted as 
vectors which could rapidly transport foreign antigen to the 
regional lymph nodes, the induction site for the allograft 
response (Snell, 1957b). However, the experimental evidence 
now available does not support this argument. Allogeneic 
sheep lymphocytes,rendered metabolically inactive by pre-
treatment with Mitomycin C and inoculated in vivo via the 
subcutaneous route, generated a barely detectable immune 
response in the regional popliteal lymph node, even though the 
cells expressed surface alloantigens (Scollay et al .~ 1974). 
This demonstration indicated that the role of lymphoid cells 
in generating alloresponses does not reside solely in the 
capacity to deliver antigen to the regional lymphoid tissues. 
Moreover, Strober and Gowans (1965) demonstrated effective 
sensitization of P1 rat lymphocytes following i n vi v o or 
in vitro perfusion through a (P 1 x P2 ) F1 kidney. Thus, 
the apparent sensitization within the simulated graf t 
environment pre-empted an obligatory role for the regional 
lymph nodes as the site for lymphocyte activation. 
However, the basic concept of a role for passenger 
leukocytes in graft rejection was revived when Ste i nmuller 
(1967, 1969) showed that allogeneic leukocytes carried within 
a skin graft were highly irnrnunogenic. Skin isografts taken 
from strain "A" mice rendered neonatally toleran t of strain 
"B" and transplanted to naive II A" mice immunize d the latter 
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against strain "B" skin allografts (Steinmuller, 1967) . Since 
the tolerant donors were haemopoietic chimeras, the phenomenon 
was explained by the passive transfer of allogeneic leukocytes 
via the primary skin isograft. In support of this proposal, 
the immunizing capacity of such skin isografts was shown to 
be a function of the number of leukocytes present 
and the degree of leukocyte chimerism of the donors 
(Steinmuller, 1969). Unlike the passive function proposed by 
Snell, these studies suggested a potentially active role for 
passenger leukocytes in triggering allogeneic interactions. 
Similarly, studies of GVH reactions in the rat kidney 
model (Section 1.5.1) suggested that passenger leukocytes 
played an important role in the rejection of organ allografts 
(Elkins and Guttmann, 1968). Support for this notion was 
provided by investigations of GVH-type reactions in the chick 
embryo; it was demonstrated that the removal of blood cells 
from graft tissue prior to transplantation successfully 
prolonged allograft survival (Section 1.5.1). This finding 
reinforced earlier predictions that pretreatment of transplant 
tissue to remove passenger leukocytes could be an important 
step in overcoming the clinical problem of graft rejection 
(Elkins and Guttmann, 1968). 
Consequently, attention turned towards the objective o f 
eliminating passenger leukocytes from graft tissue by pre -
treating donors with agents that induced leukopenia. Such 
procedures included whole body irradiation and the 
administration of cyclophospharnide or anti-lymphocyte 
xenosera. However, this approach only marginally prolonged 
the survival of rat kidney and skin allografts transplanted 
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across a major histocompatibility barrier (Guttmann et al .~ 
1967; Stuart et al.~ 1971; Kyger and Salyer, 1973) and rat 
heart allografts carrying multiple minor histocompatibility 
differences (Freeman et al.~ 1971). There was also a lack of 
correlation between the degree of donor leukopenia and graft 
survival (Freeman et al.~ 1971). Stuart and colleagues (1971) 
attempted to remove passenger leukocytes by first allografting 
rat kidneys to passively enhanced intermediate hosts. At 60 
to 300 days post-transplantation, the kidney grafts were 
retransplanted to naive recipient rats isologous to the 
intermediate hosts. However, even by taking these measures 
to ensure donor leukocyte depletion, only a delay in the 
onset of rejection was achieved. Together, these findings 
questioned the relative importance of the role for passenger 
leukocytes in activating the allograft rejection response. 
Interestingly, a more recent report has indicated that the 
delayed rejection of secondary transplants of enhanced rat 
kidney allografts may be attributable to an antibody-mediated 
mechanism (see Chapter 7). 
On the other hand, the presence of allogeneic passenger 
leukocytes was shown to be a sufficient stimulus to generate 
an allogeneic reaction. In contrast to isograft controls, 
the majority of rat kidney isografts taken from chimeric 
donors failed to function following transplantation. This 
finding was attributed to non-specific kidney damage resultin g 
from the interaction between allogeneic passenger leukocyte s 
and host lymphoid cells (Stuart et a l.~ 1971). Steinmuller 
and Hart (1971) demonstrated that chimeric mouse skin a llo-
grafts which carried non-H-2 alloantigens on parenchymal cells 
and isogeneic passenger leukocyte s were significantly less 
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effective than control allografts in eliciting t ransplantation 
immunity. However, this inefficacy was evident only duri ng 
the first four days after transplantation. Thereafter, the 
immunizing capacity of the skin graft markedly improved. 
Similar findings were subsequently reported for irradiated 
rat skin allografts transplanted across major histocompat-
ibility barriers (Kyger and Salyer, 1973). These reports 
suggested that allogeneic passenger leukocytes played an 
important irnrnunogenic role immediately following 
transplantation. However, it was apparent that the residual 
tissue immunogenicity was due to some other component which 
appeared to operate after graft revascularization (Kyger and 
Salyer, 1973). Subsequent in vitro studies suggested that the 
Langerhans cell population represents the fixed irnrnunogenic 
component of skin (Stingl e t a l.~ 1978). 
Thus, early attempts to improve allograft survival by 
reducing or removing the passenger leukocyte population prior 
to transplantation were unsuccessful. This failure led to 
some confusion over the extent to which passenger leukocytes 
contributed to tissue immunogenicity (Billingham, 1971). I t 
is now apparent that the main reason for these difficulties 
can be attributed to the choice of tissue for transplantation. 
This argument will be elaborated upon later in relation to the 
data presented in this thesis (see Chapter 7). Nevertheless, 
the clinical success obtained with renal allografts taken from 
cadaver donors pretreated with cyclophosphamide and 
methylprednisolone helped to foster the passenger l eukocyte 
concept (Guttmann et al .~ 1975). 
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1.6.3 The organ culture technique 
The technique of pretreating donor tissue in vitro was 
re-introduced into transplantation research when Jacobs and 
Huseby (1967, 1968) demonstrated prolonged survival of Leydig 
tumour cell allografts following in vitro culture. Although 
the rejection of cultured tumour allografts by sensitized 
hosts indicated that the cultured tissue still carried surface 
alloantigens, the recovery of tissue immunogenicity by passage 
through isologous hosts was taken as an indication that the 
pretreatment in vitro repressed antigen expression (Jacobs and 
Huseby, 1967). Ironically, the impact of this tissue culture 
technique was not felt until Summerlin and colleagues (1973) 
reported the prolonged survival of human and mouse skin 
allografts following cultivation of the donor tissue in vitro. 
However, these findings were subsequently not confirmed in the 
same laboratory and consequently the original work was 
discredited (Ninneman and Good, 1974). Nevertheless, 
independent groups reported significant prolongation in the 
survival of allografts of mouse ovary (Jacobs, 1974; Lueker 
and Sharpton, 1974) and thyroid (Lafferty et al.~ 1975) 
following organ culture prior to transplantation. Together, 
these reports firmly re-established the organ culture 
procedure in the repertoire of techniques designed to hurdle 
the transplantation barrier (Billingham, 1976). 
The organ culture technique has served as a particularly 
useful tool in studies of the mechanism of graft rejection. 
Lafferty and co-workers (1976a, 1976b) showed on the basis of 
histological and functional criteria, that long-term organ 
culture of mouse thyroid in a gas phase of 95% o2 , 5% co2 
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indefinitely prolonged allograft survival. The cultured 
thyroid allografts were rejected if the recipient mice 
received a single intravenous injection of 105 viable 
peritoneal cells of the same donor specificity, at the time 
of transplantation (Lafferty et al., 1976b; Talmage et al., 
1976). This finding clearly demonstrated that the cultured 
tissue carried recognizable antigenso Consequently, the 
effect of in vitro culture was not attributable to antigenic 
modulation. Non-viable donor peritoneal cells 
and peritoneal cells of recipient strain specificity 
were ineffective in activating the allograft rejection 
response (Lafferty et al., 1976b; Talmage et a l., 1976). 
On this basis, it was suggested that organ culture reduced 
graft tissue irnrnunogenicity by removing passenger leukocytes 
prior to transplantation. Further support for this 
interpretation was provided by the demonstration that pre-
treatment of thyroid donors with cyclophosphamide markedly 
decreased the duration of culture required to achieve 
successful allotransplantation (Lafferty et al., 1976a). In 
contrast to the effects of organ culture, cyclophosphamide 
pretreatment did not destroy the vascular network of the donor 
tissue (Lafferty and Woolnough, 1977). Thus, the prolonged 
survival of a proportion of uncultured thyroid allografts 
obtained from cyclophosphamide-pretreated donors argued 
against a role for vascular endothelium as a source of 
stimulation for the allograft rejection response (Lafferty and 
Woolnough, 1977). Furthermore, the differential rejection 
rate of cultured and uncultured thyroid allografts 
transplanted to the same host provided suggestive evidence for 
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a contribution of donor blood cells to the non-specific 
inflammatory component of graft rejection (Section 1.6.1). 
Uncultured allografts were rejected more acutely and,at the 
histological level, the inflammatory response was much more 
vigorous than in the case of the cultured grafts (Lafferty and 
Woolnough, 1977). 
The experimental evidence documented on the effect of organ 
culture on thyroid allotransplantation was compatible with the 
theoretical prediction that treatment of donor tissue to remove 
blood cells before transplantation should facilitate allograft 
survival and thereby dismiss the need for host immunosuppression 
(Section 1.6.1). The technique gained further support when 
Bach's group reported the long-term survival of cultured rat 
thyroid xenografts in mice (Sollinger et al.~ 1977). Talmage 
and Dart (1978) provided some insight into the possible 
mechanism operating to reduce tissue immunogenicity when they 
demonstrated that the survival of short-term cultured mouse 
thyroid allografts was significantly improved by increasing 
the oxygen tension of the culture gas phase. This finding 
supported the notion that the high oxygen atmosphere 
selectively destroyed passenger leukocytes (Lafferty et al .~ 
1976b). In addition, it offered a reasonable explanation for 
the failure of Raaf and colleagues (1976) to demonstrate 
improved survival of rat thyroid allografts following organ 
culture in a 5% co2 , 95% air gas phase. 
Thus, organ culture of donor tissue prior to 
allotransplantation can markedly reduce tissue irnmunogenicity 
and facilitate allograft survival. In contrast to Medawar's 
fears (Section 1.2.3), this effect is achieved without 
alteration to alloantigen expression. There is suggestive 
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evidence that the immunogenic modulation is due to loss of 
passenger leukocytes. Consequently, the success of the organ 
culture technique has consolidated the passenger leukocyte 
concept of graft rejection. 
1.7 THE RELEVANCE OF THIS THESIS TO CLINICAL PANCREATIC 
ISLET TRANSPLANTATION 
It is now evident that treatment of diabetes mellitus 
with daily administration of exogenous insulin does not prevent 
the development of severe microangiopathic disorders which can 
ultimately cause blindness, renal dysfunction, cardiac 
disease and gangrene. The postulate that these secondary 
complications result from inadequate control of carbohydrate 
metabolism has provided the impetus for clinical pancreatic 
islet tissue transplantation (Connolly e t al., 1973; Broe 
et al., 1981; Sutherland, 1981a). However, efforts to attain 
physiological replacement of endocrine function using whole or 
segmental pancreas for transplantation have met with little 
success (Broe et al., 1981; Sutherland, 1981b). This failure 
has been attributed to technical difficulties, including 
the drainage of exocrine enzymes, pancreatic fibrosis and 
vascular thrombosis, and to the immunological problem of al lo-
graft rejection (Sutherland, 1981b). In response to the 
former, attention has turned towards isolated adult isle ts an d 
the foetal pancreas as alternative sources of tissue f o r 
transplantation. However, the adult human pancreas is very 
fibrous and consequently there have been difficulties in 
isolating sufficient numbers of islets for transplantation 
(Najarian et al ., 1975; Ferguson et al ., 1977; Yasun ami 
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et al., 1981). Even with the use of unpurified, dispersed 
pancreatic tissue, allograft rejection remains the major 
obstacle (Sutherland, 1981b). Likewise,the failure of foetal 
pancreas allografts is probably attributable to immunological 
rejection (Valente et al., 1980; Groth et al., 1980; Usadel 
et al., 1980). Clinicians are also faced with the dilemma 
that high dosage steroids commonly used in irnmunosuppressive 
regimens are diabetogenic and therefore are unsuitable for 
the treatment of diabetic patients (Broe et al., 1981). 
It is evident,therefore, that methods of reducing the 
irnrnunogenicity of pancreatic islet tissue prior to 
transplantation would be of potential clinical value. 
CHAPTER 2 
MATERIALS AND METHODS 
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2.1 EXPERIMENTAL ANIMALS 
All animals were obtained from the Animal Breeding 
Establishment at the John Curtin School of Medical Research. 
Inbred mice had access to water and were fed ad Zibitum with 
Actamul mouse and rat cubes (Pfizer Chemicals, Australia). 
BALB/c foetuses at 17 days of gestation were used as 
donors of mouse foetal pancreas. To obtain 17 day-old BALB/c 
foetuses, BALB/c breeding pairs were set up; adult male 
BALB/c mice were housed individually with a single adult 
female mouse. Mating was monitored by daily inspection of 
female mice for the presence of a vaginal plug. The day on 
which a plug was identified was designated day 0. At 17 days, 
pregnant mice were sacrificed by cervical dislocation and the 
foetuses were removed by hysterotomy under sterile conditions. 
Thyroid tissue and skin for transplantation were obtained 
from male BALB/c mice, 9 tol2 weeks old. Isolated adult islets 
were prepared from male BALB/c donors, 8 to 10 weeks old. 
Male BALB/c (H-2d) mice were used as isograft recipients 
and male CBA (H-2k) mice were used as recipients of allografts 
bearing major plus minor histocompatibility differences. Trans-
d 
plant recipients were 9 to 12 weeks old. Male DBA/2 (H-2) 
mice, 10 to 15 weeks old, were used as recipients of allografts 
carrying only non-H-2 differences. 
2.2 CULTURE MEDIA 
RPMI 1640 medium (pH 7.4; Microbiological Associates) 
was prepared by dissolving 10.4 gm of medium powder in 1 litre 
of double distilled, deionized water supplemented with l.Ogm 
of sodium bicarbonate. 
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Eagle's Minimal Essential Medium (EMEM) was prepared by 
dissolving 10. Ogm of medium powder (F-15, GIBCO) in 1 litre of 
double distilled, deionized water supplemented with 2.2gm of 
sodium bicarbonate. 
RPMI 1640 and EMEM were supplemented with antibiotics 
(penicillin, 100 units/ml, streptomycin,lOOµg/ml, and neomycin, 
lOOµg/ml) and sterilized by filtration through a 0.22µ filter 
(Millipore Corporation). From 2 weeks after preparation, 
RPMI 1640 medium was supplemented with L-glutamine, 
0.3gm/100 ml, immediately before use. 
Heat-inactivated foetal calf serum was prepared by 
incubating selected serum batches (Flow Laboratories, Australia) 
at 56°c for 30 minutes. 
Hanks Balanced Salt Solution (HBSS) was prepared according 
to the procedure described by Hanks and Wallace (1949). HBSS 
was sterilized by autoclaving at 112°c for 20 minutes. HBSS 
was buffered with O.Sgm N-2-hydroxyethyl piperazine-N1-2-
ethanesulfonic acid (HEPES: Sigma)/100 ml immediately before 
use. 
Phosphate Buffered Saline (PBS; calcium and magnesium-
free, pH 7.3) was prepared according to the following formu l a : 
sodium chloride, 80.0gm;disodium hydrogen phosphate, 12.S gm; 
monosodium hydrogen phosphate, 4.0gm;distilled water,l lit r e . 
PBS was sterilized by autoclaving at 121°c for 20 minutes . 
Alsevers solution (pH 6.1) was prepared according to the 
following formula: sodium citrate, 8.0gm; sodium chloride, 
4.2gm; glucose, 20.Sgm; citric acid, 0.8gm; distilled wa t er, 
1 litre. Alsevers solution was sterilized by autoclavi ng a t 
112°c for 20 minutes. 
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Normal saline (0.9% sodium chloride) was prepared by 
dissolving 9.0gm sodium chloride in 1 litre of distilled water. 
Normal saline was sterilized by autoclaving at 121°c for 20 
minutes. 
2.3 ORGAN CULTURE OF MOUSE FOETAL PANCREAS 
BALB/c foetuses at 17 days of gestation were sacrificed 
by decapitation and the foetal pancreas was removed with the aid 
of a stereomicroscope (Carl Zeiss, West Germany) and placed in 
HEPES-buffered HBSS (Section 2.2) on ice, using a sterile 
technique. The mesentery surrounding the pancreas was removed. 
In initial experiments the foetal pancreas was cultured as a 
whole organ. Generally, each pancreas was cut into 3 segments 
to facilitate gas diffusion. 
2.3.1 Submerged Culture 
Foetal pancreas tissue was submerged in culture medium. 
Whole foetal pancreases were transferred to 35 nun hydrophobic 
petri dishes (Falcon 1008), 1 pancreas/dish. Foetal pancreas 
segments were transferred either to 35 mm hydrophobic petri 
dishes (Falcon 1008), 2 or 3 segrnents/dish,or to hydrophobic 
tissue culture plates (Linbro 76-247-05), 2 or 3 segments/well. 
Each culture vessel contained 1 ml RPMI 1640 culture medium 
supplemented with 10% heat-inactivated foetal calf serum 
(Section 2.2). The tissue was cultured in a humidified gas 
0 phase of 95 % o 2 , 5% co 2 at 37 C for 10-24 days. The culture 
medium was changed three times per week. 
2. 3. 2 Grid Culture 
Foetal pancreas tissue was cultured at the gas-medium 
interface. A sterile, stainless steel triangular grid (60 mesh ; 
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Falcon 3014) was placed in the centre well of each 60 nun 
double well-petri dish (Falcon 3037). A triangular piece of 
sterilized lens paper (Kodak) was placed over the grid so 
that the apices were submerged in culture medium. The lens 
paper was moistened by diffusion of culture medium. Foetal 
pancreas tissue was placed on top of the lens paper substrate; 
2 whole pancreases/grid or 6 foetal pancreas segments/grid. 
Each centre well contained 1 ml RPMI 1640 culture medium 
supplemented with 10% heat-inactivated foetal calf serum 
(Section 2.2); the outer well contained 2 ml of sterilized 
distilled water to humidify the immediate culture environment. 
The tissue was cultured in a humidified gas phase of 95% o2 , 
0 5% co2 at 37 C for 10-17 days. The culture medium was changed 
three times per week. 
2.4 PREPARATION OF FOETAL MOUSE PROISLETS 
Foetal proislets were isolated from foetal mouse pancreas 
using a procedure based on the method of Hellerstrom et al. 
(1979). Foetal pancreases were removed from BALB/c foetuses 
at 17 days of gestation, using a sterile technique. The 
surrounding mesentery was removed with the aid of a stereo-
microscope (.Carl Zeiss, West Germany) and each pancreas was cut 
into 3 segments. The pancreas segments were transferred to a 
siliconized vial and digested with 6 mg/ml collagenase 
(Boehringer Mannheim). To facilitate the digestion process the 
vial containing the collagenase suspension was agitated i n a 
shaking water bath for 5 minutes at 37°c. The shaking water 
bath consisted of an oscillating platform, 200 cycles per 
minute, assembled in a water bath (Anax-Labmaster, Australia) 
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maintained at 37°c. The collagenase was made up in 2 ml of 
isolation medium - HEPES-buffered HBSS (Section 2.2) 
supplemented with BSA (0.15%), DNase (Sigma Type 1, 0.01 mg/ml) 
and antibiotics (penicillin, 100 units/ml, streptomycin, 
100 µg/ml and neomycin, 100 µg/ml) - and sterilized by 
filtration through a 0.20µ filter (Amicon). 
The digest was then shaken vigorously by hand for a 
further l~-2 minutes and the digestion step terminated by 
dilution with excess isolation medium. The digested foetal 
tissue was then allowed to settle on ice for 10 minutes. The 
supernatant was removed and the tissue was washed twice with 
10-15 ml isolation medium to remove residual collagenaseo 
The digested tissue was resuspended in 15-18 ml isolation 
medium and stirred for 1 hour at 25°c. The isolation medium 
was removed (as above) and the digest was suspended in RPMI 1640 
culture medium (1 ml/donor foetal pancreas) supplemented with 
10% heat-inactivated foetal calf serum (Section 2.2). The 
suspension of finely digested tissue was transferred to 
hydrophobic tissue culture plates (Linbro 76-247-05), 
2 ml/well, using a siliconized Pasteur pipette and cultured 
for 4 days in a humidified atmosphere of 5% co2 , 95% air at 
37°c. Th lt d' h d d 2 1 ml of medi'um e cu ure me ium was c ange on ay ; 
was removed from each well using a Pasteur pipette and each 
well was supplemented with 1 ml of fresh culture medium. 
2.5 ISOLATION OF ADULT MOUSE ISLETS 
Groups of 8-12 donor BALB/c mice were anaesthetized with 
ether (Hoechst, Australia) and sacrificed by cervical 
dislocation. The pancreas was removed, finely diced with 
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scissors and washed in isolation medium (Section 2.4). The 
minced tissue was allowed to settle at 4°c for 4 minutes and 
debris remaining in suspension was removed with a Pasteur 
pipette. After three 30 second-dicings and subsequent 
washings, the minced tissue was transferred to a siliconi~ed 
15 ml graduated glass centrifuge tube and allowed to settle 
for an additional 4 minutes. The volume of tissue was noted 
and the tissue was then transferred to a siliconized 20 ml 
glass vial. Collagenase (Boehringer Mannheim) was freshly 
prepared in PBS (Section 2.2) at a concentration of 10 mg/ml, 
and then filtered through a 0.20µ filter (Millipore Corporation). 
One ml of this solution was added to each 1 ml volume of minced 
pancreatic tissue and the volume was made up to 5 ml with 
isolation medium. The pancreatic tissue was then digested at 
37°c for 17 minutes in a shaking water bath (Section 2.4). The 
digest was vigorously shaken by hand for an additional 15-20 
seconds, in order to disperse any residual clumps of tissue. 
The enzymatic digestion was arrested by the addition of 15 ml 
of chilled isolation medium and the digest was then allowed 
to settle for 4 minutes at 4°c. The supernatant was removed, 
and the digested tissue was washed twice with isolation medium. 
Individual islets were identified using a stereomicroscope 
(Olympus SZ-111, Japan) set at 15 x magnification and then 
removed from the digest with a fine siliconized pipette. The 
isolated islets were placed on ice in a petri dish containing 
isolation medium. The islet yield averaged 40 islets per 
mouse pancreas. At the end of the isolation procedure, the 
islets were transferred by pipette to a petri dish containing 
RPMI culture medium supplemented with heat-inactivated foetal 
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calf serum (Section 2.2). The isolated islets were kept on 
ice prior to preparation for organ culture. 
2.6 ORGAN CULTURE OF ADULT MOUSE ISLETS 
Adult islets were cultured as islet clusters. Groups of 
approximately 50 islets were transferred to 35 mm hydrophobic 
petri dishes (Falcon 1008) containing 2 ml of RPMI 1640 
culture medium supplemented with 10% heat-inactivated foetal 
calf serum (Section 2.2). To promote islet aggregation, 
initially each group of islets was gently rotated on an 
orbital platform (Gallenkamp SGM-300, England) at 50-60 cycles 
per minute, for 18-24 hours. The cultures were maintained at 
37°c in a humidified gas phase of 95% o 2 , 5%. co2 . The islet 
aggregates were then maintained as stationary cultures for 7 
days in the same gas phase. The culture medium was changed 
3 times per week; on the first and subsequent changes, the 
culture medium was removed using a Pasteur pipette and 0.75 ml 
fresh culture medium was replaced in each dish. During the 
culture period each aggregate condensed into a tight cluster 
suitable for transplantation. 
2.7 ORGAN CULTURE OF MOUSE THYROID 
Mouse thyroid lobes were obtained from BALB/c donor mice 
pretreated with 300 mg/kg cyclophosphamide (Endoxan-Asta, 
Bristol Laboratories, Australia) intraperitoneally on days 
-4 and -2. The mice were killed with ether (Hoechst , Australia) 
on day O. The thyroid lobes were removed and transferred t o 
35 mm hydrophobic petri dishes (Falcon 1008), 2 or 3 lobes / dish. 
Each culture dish contained l ml EMEM supplemented with 10% 
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heat-inactivated foetal calf serum (Section 2.2). The tissue 
was cultured in a humidified gas phase of 95% o 2 , 5% co2 at 
37°c for 21 days. The culture medium was changed 3 times per 
week. 
2.8 PREPARATION OF FULL-THICKNESS SKIN FOR TRANSPLANTATION 
Adult male BALB/c donor mice were sacrificed by cervical 
dislocation. A small mid-ventral incision was made and the 
body skin was then peeled from the carcass. The pelt was 
transferred to a petri dish containing gauze saturated with 
PBS (Section2.2). The skin, dermis uppermost, was spread flat 
on the gauze and kept moist with PBS. Attached muscle was 
removed by carefully scraping the dermis with a scalpel blade 
(Size 22; Swann-Morton, England). The prepared body skin was 
kept on ice prior to transplantation. 
2.9 PREPARATION OF PLASMA 
Donor mice were anaesthetized with avertin anaesthetic 
(Section 2.12). The thorax was opened with scissors and 
approximately 0.5 ml of blood was removed via cardiac puncture, 
into a 1 ml disposable syringe (Pharmaseal) containing 0.05 ml 
of 0.1 M sodium citrate. The blood sample was gently mixed 
with the sodium citrate solution to prevent clotting. The 
mice were immediately killed by cervical dislocationo The 
sample was transferred to a microcentrifuge tube (Vetri; 
1.5 ml with attached cap; Max Richter, West Germany ) and 
centrifuged at approximately 8,740 g for 4 minutes in a 
Beckman microcentrifuge. The plasma was removed and diluted 
1:1 with 0 . 9% sodium chloride (Section 2.2). Aliquots of the 
diluted plasma were stored in plastic microcentrifuge tubes 
0 
at - 20 C. 
2 . 10 
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PREPARATION OF PROISLETS FOR TRANSPLANTATION 
To facilitate transplantation, foetal proislets were 
initially embedded in a plasma clot. A suspension of isolated 
proislets harvested from 2 foetal pancreases (1 culture well 
of tissue) was transferred to a siliconized glass tube with a 
V- shaped bottom. The proislets were allowed to settle at room 
0 
temperature (25 C) and the supernatant was removed. The 
proislet tissue was then resuspended in approximately 30 µ l 
diluted plasma (Section 2.9), isologous to the transplan t 
recipient. The proislets were allowed to settle and exce s s 
plasma was removed until only approximately 10 µ l p l asma 
remained. A plasma clot was then prepared by the addition of 
excess thrombin powder (Parke-Davis). The clot was resuspen ded 
in HEPES-buffered HBSS (Section 2.2) and transferred to a petri 
dish on ice. Plasma clots containing proislets were kep t on 
ice until transplantation. 
2 . 11 PREPARATION OF UNCULTURED ADULT ISLETS FOR 
TRANSPLANTATION 
Loose clusters of uncultured islets were prepared by 
placing 50 adult BALB/c islets in 35 mm hydrophobic culture 
dishes (Falcon 1008), each containing 2 ml of RPMI 1 6 40 culture 
medium supplemented with 10% heat-inactivat ed foeta l calf serum 
(Section 2 . 2) . The islets were maintained in a gas phase of 5% 
Co 95 ° ai·r at 37°c d t t d b ' t 1 1 tf 2 , ~ an ro a e on an or
 i a p a orm 
(Gallenkamp SGM-300) at 50-60 cycles per minute fo r 4 hours , 
by which time loose clusters o f i slets had formed. 
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2.12 PREPARATION OF AVERTIN ANAESTHETIC 
Avertin was prepared by dissolving l.Ogrn of 2,2,2 
tribromoethanol (Fluka AG, Buchs SG, Switzerland) in 1 ml of 
2-methyl-2-butanol (Fluka AG, Buchs SG, Switzerland). The 
solution was diluted to a final volume of 50 ml with hot tap 
water (50°c) and shaken vigorously to mix. The v/w dose of 
avertin used to anaesthetize mice was 0.010 - 0.013 ml/gm 
body weight, administered intraperitoneally. 
2.13 TRANSPLANTATION UNDER THE KIDNEY CAPSULE 
Recipient mice were anaesthetized with avertin (Section 
2.12) and shaved on the left flank with electric animal 
clippers (Oster, USA) to remove hair from the incision site. 
Instruments were sterilized by boiling in an instrument 
sterilizer, (Labmaster, Australia) immediately prior to use. 
The left flank was swabbed with 70% ethanol and a vertical 
midline incision was made in the skin using a scalpel blade 
(Size 11; Swann-Morton, England). The abdominal wall was cut 
with scissors and the kidney exposed and held in position with 
a cotton swab. A small incision was made in the kidney capsule 
using a 19 gauge needle (Terumo, Australia) and a space was 
made between the capsule and kidney parenchyma, using a rounded 
27 gauge Luer lock needle (~"; Unimed, Switzerland). The 
transplant tissue was then inserted under the capsule using 
the modified Luer lockneedle as a probe. In the case of 
multiple tissue pieces, each piece was positioned at a separate 
site under the kidney capsule. During the transplantation 
procedure, the kidney was swabbed regularly with HEPES-buffered 
HBSS (Section 2.2) , to prevent dehydration. The kidney 
carrying the transplant tissue was then replaced in the 
abdominal cavity and the incised skin was sutured together 
with autoclips (9 mm; Clay Adams, USA). The transplanted 
mice were placed under an incandescent lamp until they 
recovered from the anaesthesia. 
2.14 ORTHOTOPIC TRANSPLANTATION OF FULL-THICKNESS SKIN 
Recipient mice were anaesthetized with avertin 
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(Section 2.12). The graft bed was prepared on the dorsal 
body surface and measured approximately 1 cm x 1.5 cm. The 
host skin, comprising the epidermis and dermis, was removed 
in small strips, using scissors. The panniculus carnosus, 
a thin layer of striated muscle below the dermis, was left 
relatively intact. This muscle layer is furnished with a 
rich vascular network and is retained in order to facilitate 
revascularization of the grafted skin (Billingham, 1961). 
The graft bed was swabbed regularly with PBS (Section 2.2) to 
prevent dehydration. A piece of full-thickness donor skin 
(Section 2.8) slightly larger in size than the prepared graft 
site, was positioned over the graft bed. The graft sk i n was 
arranged so that the direction of hair growth of the donor 
skin was counter to the hair growth of the recipient mouse. 
This procedure facilitated long-term i dentification o f skin 
isografts (Fig. 2.1). The grafted skin was sutured to the 
host using autoclips (9 mm; Clay Adams, USA). On day 11 or 
day 12 post-transplantation, the autoclips were removed to 
allow subsequent assessment of graft survival. 
(b) 
Figure 2.1 Macroscopic appearance of a BALB/c skin isograft 
at 435 days post-transplantation. (a) Note position of 
graft (indicated by a~row) on dorsal surface of body trunk. 
Magnification, x 1.1. (b) Higher magnification of graft 
shows the counter direction of graft hair growth. 
Magnification, x 11. 
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2.15 PREPARATION OF STREPTOZOTOCIN 
2.15.1 Preparation of acetate buffer 
A stock acetate buffer (pH 4.4) was prepared according 
to the following formula: 30.5 ml of 0.2M acetic acid, 
19.5 ml of 0.2M sodium acetate, 0.9gm of sodium chloride. 
The solution was made up to a final volume of 100 ml with 
distilled water. 
2.15.2 Drug formulation 
Due to the instability of the drug following preparation 
(Rakieten et al~ 1963), 30 mg of Streptozotocin (Calbiochem) 
were dissolved inl ml of acetate buffer (Section 2.15.1), 
immediately prior to use. 
2.16 INDUCTION OF DIABETES AND MAINTENANCE OF DIABETIC 
MICE 
Mice (9 - 12 weeks old) were made diabetic by a single 
tail vein injection of 300 mg/kg Streptozotocin (Section 2.15) 
on day 0. On days 3-6 (inclusive) post-Streptozotocin 
injection, the mice were given 1 ml of normal saline 
(Section 2.2) per gram of lost body weight, intraperitoneally, 
to prevent dehydration. In addition, the mice were maintained 
with a single daily subcutaneous injection of 0.8 units of 
Ultralente insulin (CSL) from day 3 foll0wing Streptozotocin 
injection until the time of transplantation. Diabetic mice 
were transplanted 10 to 41 days after Streptozotocin treatment. 
No insulin was administered on the day of transplantation. 
Insulin therapy was resumed the day following transplan tation 
and maintained for 16-129 days. 
57 
2.17 BLOOD GLUCOSE MEASUREMENTS 
Non-fasting blood glucose levels were assayed using 
either the Boehringer Mannheim GOD-Perid kit (Cat. No. 124 036) 
or a Beckman Glucose Analyser 2. 
A 10 µl blood sample was collected from the tail vein 
using a 10 µl Microcap (Drummond, USA). The sample was 
transferred immediately to a microcentrifuge tube (Vetri; 
1.5 ml with attached cap; Max Richter, West Germany) 
containing 40 µlor 100 µl of 0.66M perchloric acid for blood 
deproteinization, and vortexed to mix. For the GOD-perid 
glucose assay, 100 µl of 0.66M perchloric acid was routinely 
used. Deproteinized samples were centrifuged for 2.5 minutes 
at approximately 8,740 gin a Beckman microcentrifuge. The 
supernatants were assayed for glucose content. 
The GOD-perid kit measured glucose content on the basis 
of a colorimetric assay. Duplicate assays were set up for a 
glucose standard (0.51 mmoles/litre), test supernatants and a 
reagent blank. For each assay, an aliquot of 25 µ l was 
incubated with 1.25 ml of GOD enzyme reagent in a 37°c water 
bath for 15 minutes. The optical density (O.D.) of the 
glucose standard and test samples was then read against the 
reagent blank using a Unicam SP1800 spectrophotometer (Pye 
Unicam, England) set with a wavelength of 436 nm. The non-
fasting blood glucose levels, corrected for sample dilution, 
were calculated according to the following formula: 
Non-fasting 
blood glucose 
0.51 x sample O.D. test average 
X 
dilution O.D. standard average 
The lower limit of sensitivity for the assay was 0.16 mrnoles 
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glucose/litre. 
For determination of non-fasting blood glucose levels 
using the Beckman Glucose Analyzer 2, 10 µl aliquots of test 
supernatants were assayed directly. Duplicate assays were 
averaged. Measurements were corrected for sample dilution and 
expressed in mmoles of glucose/litre. The lower limit of 
sensitivity for the analyser was 0.56 mmoles glucose/litre. 
While mice were maintained daily on insulin, blood samples 
were taken for glucose measurement approximately 24 hours after 
the previous insulin dose. A time course study was carried out 
on blood glucose levels of diabetic mice following a sub-
cutaneous injection of 0.8U Ultralente insulin (Fig. 2.2). 
Although there was a large variation in the response of 
different mice, any reduction in blood glucose levels was 
temporary and had dissipated by 24 hours post-injection. 
Table 2.1 shows the mean non-fasting blood glucose levels 
of normal mice. Blood glucose levels above the upper 95 % prob -
ability limit were considered hyperglycaemic. Figure 2.3 s hows 
the blood glucose response of BALB/c mice following Strepto-
zotocin injection. By 10 to 13 days post-Streptozotocin 
administration, the blood glucose levels were a l ready hyper-
glycaemic and the mice showed a rapid loss in body weight. 
Thereafter, the blood glucose levels increase d and remained in 
the upper reaches of the diabetic range fo r t he durat i on of 
the study. While the mice were maintaine d daily on insulin, 
there was some recovery of lost body weight. However, follow-
ing the termination of insulin therapy, the body we ight level 
gradually declined. 
Diabetic mice with blood glucose leve ls of more than 
20. 00 mmoles g lucose/ li t r e were gene r a lly selected for 
t t t 
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Figure 2.2 Non-fasting blood glucose response of diabetic 
CBA mice following subcutaneous administration of 0.8 
units of Ultralente insulin. The data are representative 
of six animals. The shaded region defines the 95 % 
probability interval for the non-fasting blood glucose 
levels of normal CBA mice. 
TABLE 2 .1 
NON-FASTING BLOOD GLUCOSE LEVELS OF NORMAL MICE 
Mouse strain Total No. 
mice 
BALB/cb 33 
CBAc 36 
Mean non-fasting blood 
glucose 
rnrnoles/litre ± SD 
8.39 + 1.44 
8.85 + 1.08 
95 % probab-
ility 
limitsa 
5.57 -11. 21 
6.73 -10.97 
a . The 95 % probability limits were calculated according to 
the method of Swinscow (1980a). 
b . Normal BALB/c male mice were 10 - 12 weeks old. 
c . Normal CBA male mice were 11 - 13 weeks old. 
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Figure 2.3 Non-fasting blood glucose levels (closed symbols) 
and body weight (open symbols) of BALB/c male mice 
following intravenous administration of Streptozotocin 
(300 mg/kg) on day 0. The mice were maintained with O.BU 
Ultralente insulin/day on days 3-131 (inclusive) and 
then 0.4U insulin for the following two days. Insulin 
treatment was then terminated. Each panel shows the data 
for two mice. The shaded region represents the 95 % 
probability interval for the non-fasting blood glucose 
levels of normal BALB/c mice. The data are representative 
of a total group of five Streptozotocin-treated mice. 
transplantation. 
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2.18 URINE GLUCOSE MEASUREMENTS 
Individual mice were placed in metabolic cages containing 
a gauze floor. Urine was collected over a 24 hour period by 
means of a funnel which spanned the cage floor and drained 
into a 50 ml cylinder. For transplant recipients and control 
diabetic mice receiving insulin treatment, no insulin was 
administered during urine collection. At 24 hours the volume 
of urine was noted and a sample was diluted 1:4, 1:9, 1:49 or 
1:99 with distilled water. If no urine was visible due to 
evaporation, the interior of the cylinder was rinsed with 
1 - 2 ml of distilled water (reconstituted volume) and a sample 
was removed for glucose determination. Samples were 
centrifuged in a Beckman microcentrifuge for 2.5 minutes at 
approximately 8,740 g to remove debris. The test supernatants 
were assayed for glucose content. 
Urine glucose levels were assayed using either the GOD-
perid kit or Beckman Glucose Analyser 2, as described for 
blood glucose determinations in Section 2.17. Measurements 
were corrected for sample dilution and the amount of glucose 
excreted in 24 hours was then calculated according to the 
following formula: 
Urine glucose 
output 
(mmoles/24 hours) 
24 hr urine volume 
or 
reconstituted volume 
(ml) 
X 
mmoles glucose/litre 
1000 
Urine glucose levels <0.005 mmoles glucose/24 hours di d not 
fall within the range of accuracy for these assays. 
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Urine glucose measurements of normal BALB/c and CBA mice 
are presented in Table 2.2 and Table 2.3 respectively. 
Normal mice may excrete small quantities of glucose in their 
urine. Alternatively, the low glucose levels may be due to 
glucose extraction from food grains which accummulate in the 
urine collection cylinders. It is likely, therefore, that 
the procedure used for measuring urine glucose levels does 
not yield accurate determinations of the amount of glucose 
actually excreted in urine. However, the urine glucose leve l s 
of diabetic mice were approximately 2-3 orders of magnitude 
higher than for normal mice. On this basis, urine glucose 
measurements were used to monitor the function of foetal 
pancreas grafts. 
2.19 SURGICAL REMOVAL OF GRAFT-BEARING KIDNEY 
Transplant recipients were anaesthetized with avertin 
anaesthetic (Section 2.12). A vertical incision was made in 
the left flank, next to the incision site used for transplan-
tation (see Section 2.13). The graft-bearing kidney was 
exposed so that the main renal artery and vein were visible. 
These blood vessels were ligated with sterile, atraumatic 
surgical silk (Size 000; Ethicon, USA). The kidney was cut 
free and the excision site was swabbed with HEPES-buf fered 
HBSS (Section 2.2). The incised skin was sutured t ogether 
with autoclips (9mm; Clay Adams, USA) . Non-fasting blood 
glucose levels of mice were measured regularly du ring the 
first week after nephrectorny and at random inte rva ls thereafter. 
Figure 2.4 shows the non-fasting blood glucose levels 
and body we igh t of no r mal, non - transplanted BALB/c mice 
TABLE 2. 2 
URINE GLUCOSE OUTPUT 
Mouse strain Treatment Total No. 
mice 
Urine glucose 
(mmoles/24 hr) 
Day A Day B 
BALB/c Normal 
a 
7 0.00 0.00 
0.00 0.0 0 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0. 0 0 
BALB/c Diabetic b 5 11.93 
9.38 
10.11 
10.84 
10.21 
a . Normal mice were approximately 12.5 weeks and 22 weeks 
old on Days A and B respectively. 
b . Diabetic mice were tested at 181-186 days post-
Streptozotocin injection. 
TABLE 2.3 
URINE GLUCOSE OUTPUT 
Mouse strain Treatment Total No. 
mice 
CBA Normal a 12 
Diabetic b 10 CBA 
a . Normal mice were approximately 14 
Urine glucose 
(mmoles/24 hr) 
Day A Day B 
0.01 0.00 
0.01 0.00 
0.01 0.00 
0.01 0.00 
0.01 0.00 
0.02 0.00 
0.01 0.00 
0.01 0.00 
0.01 0.00 
0.01 0.00 
0.04 0.00 
0.02 0.00 
5.22 4.7 
0.99 17.40 
4.56 8.50 
3.60 17.25 
6038 14.72 
8.04 8.40 
8.73 12. 06 
8.43 9.95 
23.40 9.36 
2.42 18.36 
- 15 weeks and 24 -
weeks old on Days A and B respectively. 
b . Diabetic mice were 10 - 22 days and 49 - 51 days post-
Streptozotocin injection on Days A and B respectively. 
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Figure 2.4 The non-fasting blood glucose levels (open symbols) 
and body weight (closed symbols) of normal BALB/c mice 
following nephrectomy of the left kidney. Each panel shows 
the data for 2 animals. The shaded region defines the 95 % 
probability interval for the non-fasting blood glucose 
levels of norma l BALB/c mice. 
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following surgical removal of the left kidney. In five of 
six mice, the blood glucose levels remained within the normal 
range for an observation period of 5 days post-nephrectomy. 
The remaining mouse showed a temporary elevation in blood 
glucose on day 5 (Fig. 2.4(b)). However, the blood glucose 
level of this mouse returned to the normal range on the 
following day. Five of six animals showed no significant 
change in body weight following nephrectomy; the body weight 
of the remaining mouse showed a slight decline (Fig. 2.4(c) ) . 
This study demonstrated that nephrectomy alone does not 
induce a diabetic state in normal mice. Therefore, this 
procedure was used in functional studies to establish the 
contribution of foetal pancreas grafts to the reversal of 
Streptozotocin-induced diabetes. The rapid re-appearance of 
diabetes within the first 2-5 days following removal of the 
graft-bearing kidney confirmed that graft function and no t 
spontaneous recovery of the host pancreas, had been 
responsible for restoring normoglycaemia. 
2.20 PRETREATMENT OF THYROID TRANSPLANT RECIPIENTS BY 
THYROIDECTOMY 
Recipients of thyroid transplants were partially 
thyroidectomized on day -4 or day -3 prior to thyroid trans-
plantation. This procedure facilita t es the assay of graft 
function (Section 2.21) and stimulate s the production of 
thyroid-stimulating hormone, thereby promoting the growth of 
grafted thyroid tissue (Lafferty et al .~ 1975). 
The mice were anaesthetized with avertin (Section 2.12) 
and the hair over the throat was r emoved by scraping with a 
large scalpel blade (Size 22; Swann-Morton, England ) . The 
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site was swabbed with 70 % ethanol and a vertical mid- line 
incision was made in the skin. The unde rlying salivary 
glands were teased apart and a vertical incision was ma de in 
the muscle layers over the trachea. The muscle was par ted 
to expose the two thyroid lobes, one lobe on either side of 
the trachea. As much as possible of each thyroid lobe was 
then excised by blunt dissection. Care was taken to avo id 
damage to the recurrent laryngeal nerve which runs close to 
the left thyroid lobe. The muscle layer was replaced over 
the trachea and the incised skin was sutured with autoclips 
(9mm; Clay Adams, USA). The mice were then placed unde r an 
incandescent lamp until they recovered from the anaesthe s ia . 
2. 21 MEASUREMENT OF THYROID FUNCTION 
Thyroid function was assessed according to the procedure 
described by Lafferty et al (1976a). In brief, transplan t 
recipients received an intraperitoneal injection of 15 µCi 
125I d' (125I o ine ; IMS.30, Amersham, England) at 3 weeks post-
transplantation and at 3 week intervals thereafter. Three 
d f 125 elm. . . h . h . d ays a ter I a 1n1strat1on, t e mice were anaest e t i ze 
with avertin (Section 2.12) and the level of radiation emitted 
from the thyroid transplant was measured by positioning a 
scintillation probe above the site of the grafted kidney 
(Lafferty et al ~ 1976a). 
Th e criterion for absence of graft functi on was 
arbitrarily chosen as three standard deviations above the mean 
125 d 
uptake of I (c.p.m.) by unculture d BALB/c (H-2 ) thyroid 
allograft s at 2 4 day s afte r tran s plantation t o thy roidectomized 
CBA(H -2k) rec ip ien t mice (Se ction 2 . 20). Based on a gro up of 
6 transplanted mi ce , this value was 87 3 c . p . m . . Grafts 
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measuring~ 873 c.p.m. were re-tested the following week for 
confirmation. Mice carrying grafts which measured~ 873 c.p.m. 
on two consecutive weeks were sacrificed and the thyroid 
grafts were taken for histological examination (Section 2.26). 
2.22 PREPARATION OF PERITONEAL CELLS 
Each donor mouse was killed by cervical dislocation, and 
the abdomen was swabbed with 70% ethanol. A small 
. . . incision 
was made in the abdominal skin and the skin was then gently 
peeled back to expose the peritoneum. The peritoneal cavity 
was irrigated with 2.5 ml of HEPES-buffered HBSS (Section 2.2) 
supplemented with heparin (20 U/ml). The cell suspension was 
withdrawn into a syringe, transferred to a 10 ml centrifuge 
tube and centrifuged at 800 g for 5 minutes. The cell pellet 
was resuspended in 1 ml of heparin-free HEPES-buffered HBSS. 
Cell viability was determined using the trypan blue exclusion 
test and the density of viable cells was assessed using a 
haemocytometer (Bright-Line, USA). 
2.23 PREPARATION OF MOUSE THYMOCYTES 
Thymus lobes were removed from 6 young BALB/c mice 
(5-7 weeks old) and minced with scissors on a fine stainless 
steel grid. To prepare the cell suspension, the mince d tissue 
was pressed through the grid into 4-5 ml of HBSS (Section 2.2) , 
buffered with 19.6mg sodium bicarbonate/100 ml. The 
thymocyte suspension was transferred to a graduated centrifuge 
tube and a sample was removed for determination of cell density 
using a haemocytometer (Bright-Line, USA). 
7 
was 8.4 x 10 thymocytes/ml. 
The cell density 
2.24 PREPARATION OF RABBIT ANTI-MOUSE LYMPHOCYTE 
SERUM (ALS) 
2.24.1 Immunization 
Equal volumes of a suspension of mouse thymocytes 
(Section 2.23) and Complete Freund's Adjuvant (Difeo 
Laboratories, USA) were mixed to produce an emulsion for 
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immunization. The protocol for immunization was based on the 
method described by Parish et al (1976). Two young adult 
rabbits were immunized on day O with a subcutaneous inj e ction 
7 
of 6.3 x 10 thymocytes in a total volume of 1.5 ml of 
emulsion. On day 14 the same rabbits received an intravenous 
booster injection of 6.0 7 x 10 thymocytes prepared in 1 ml of 
sodium bicarbonate-buffered HESS (Section 2.23). 
2.24.2 Serum collection 
On day 21 a blood sample was withdrawn from the ear vein 
of both rabbits. On day 25, the rabbits were anaesthetiz e d 
with an intravenous injection of 1 ml of Nembutal (sodium 
pentobarbitone, 60 mg/ml; Abbott Laboratories, Australia) 
and bled out via a cardiac puncture. On both occasions the 
collected blood was placed, for 2 hour~ in a constant tempera-
ture room maintained at 37°c, to promote clo t formation. 
The clotted blood was stored at 10°c overnight to facilitate 
clot contraction. On the following day, the crude s erum was 
collected and centrifuged at 1380 g for 10 minute s , to remove 
debris. The batches of serum prepared from the same r abbit 
were pooled; the sera prepared from different rabbits were 
0 
stored separately, in aliquots, at -20 C. 
2.24.3 Absorption 
Before use, the ALS was absorbed with mouse red blood 
cells to remove anti-erythrocyte reactivity. 
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BALB/c mice were anaesthetized with ether (Hoechst, 
Australia) and bled out from the major vessels of the axilla. 
The blood was collected in Alsevers solution (Section 2.2), 
held on ice, and centrifuged at 450 g for 7 minutes. The 
supernatant was removed and the red blood cells were transferred 
to a graduated centrifuge tube, washed in PBS (Section 2.2) and 
centrifuged at 635 g for 5 minutes. The supernatant was 
removed and the volume of packed red blood cells was noted. 
The ALS was absorbed by suspending 1 part of packed red blood 
0 
cells in 2 parts of ALS, at 4 C for 2 hours. 
was then centrifuged at 635 g for 5 minutes. 
The suspension 
The absorbed 
serum was removed and stored in aliquots, at -20°c. 
The absorbed preparations of ALS had cytotoxic antibody 
titres of~ 1:256 on BALB/c peritoneal cells, using trypan 
blue exclusion as an indicator of cell viability (Carlson and 
Terres, 1976). 
2.25 TREATMENT OF TRANSPLANT RECIPIENTS WITH ALS 
Antilymphocyte serum (ALS) was prepared according to the 
procedure described in Section 2.24. 
For ALS treatment, mice received an intravenous 
injection of 0.25 ml of absorbed ALS (Sectin 2.24.3) 
approximately 45-90 minutes prior to transplantation , followed 
by 0.25 ml of absorbed ALS intraperitoneally on days 1 , 3 and 
5 post-transplantation. 
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2.26 HISTOLOGY 
2.26.1 Preparation of formal saline 
Formol saline was prepared according to the following 
formula: 100 ml of formaldehyde; sodium chloride, 8.5gm; 
monosodium hydrogen phosphate, 4.0gm; disodium hydrogen 
phosphate, 6.5gm. The solution was made up to 1 litre with 
distilled water. 
2.26.2 Preparation of tissue for histological 
examination 
For histological studies of tissue transplants, transplant 
recipients were sacrificed at appropriate intervals after 
transplantation. The graft-bearing kidney was removed and the 
graft was fixed ~n si t u with formal saline (Section 2.26.1). 
Serial sections at 4 or 100µ intervals were stained with both 
haematoxylin with eosin and aldehyde fuchsin. Aldehyde fuchsin 
specifically stains the beta (S) cells of pancreatic islets 
(Bussolati and Bassa, 1974). Sections of thyroid and skin 
grafts were stained only with haematoxylin with eosin. 
To facilitate histological processing of cultured foetal 
pancreas, digested foetal pancreas or isolated proislets, the 
tissue samples were fixed with approximately 1 ml of formal 
saline in microcentrifuge tubes (Vetri; 1.5 ml with attached 
cap; Max Richter, West Germany) for > 2 days. The fixat ive 
was then removed and replaced with approximately 1 ml o f 
melted 3% agar. The samples were immediately centri f uged for 
2 . 5 minutes at approximately 8,740 gin a Beckman mi c r o-
centrifuge. The 3% agar was melted in a boiling water bath 
and allowed to cool,but no t solidify, prior to us e. 
CHAPTER 3 
ORGAN CULTURE AND ISOTRANSPLANTATION OF 
FOETAL MOUSE PANCREAS 
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3.1 INTRODUCTION 
Foetal pancreas and isolated adult islets represent the 
main sources of donor tissue for experimental pancreatic 
islet transplantation. However, the foetal organ offers 
several advantages over the use of adult islet tissue. 
Following isotransplantation of foetal pancreas, the exocrine 
component degenerates without activation of exocrine enzymes 
and autodigestion of endocrine tissue (Coupland, 1960; 
Brown et al . ., 19 7 4, 19 7 6; Hegre et al . ., 1976a). Hence, in 
contrast to adult pancreas tissue, the separation and removal 
of exocrine tissue before transplantation is unnecessary. A 
further distinctive property of the foetal tissue is the 
potential for further growth of the endocrine component 
following transplantation (Browning and Resnik, 1951-1952; 
Hegre et al . ., 1976a; McEvoy and Hegre, 1978, 1979). Using 
the morphometric technique of linear scanning, McEvoy and 
Hegre (1978) examined isografts composed of eight foetal rat 
pancreases at 15 days after transplantation under the kidney 
capsule of alloxan-treated diabetic recipients. They 
calculated that an eight-fold increase in beta cell mass and 
a five-fold increase in insulin content per beta cell occurred 
during the transplant period. An absolute requirement for 
the practical application of foetal pancreas for transplantation 
is the provision of islet function. Evidence that transplanted 
foetal pancreas tissue retains the capacity to differentiate 
and to develop endocrine function has been provided by 
reports that isografts of multiple foetal rat pancreases can 
reverse experimentally-induced diabetes in recipient animals 
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(Brown et al., 1974, 1976; Hegre et al ., 1976a; Spence 
et al., 1977; McEvoy et al ., 1978; McEvoy and Hegre, 1979). 
The maJor obstacle to the transplantation of foetal 
pancreas for the reversal of experimentally-induced diabetes 
lies in the immunological problem of allograft rejection 
(Browning and Resnik, 1951-1952; Garvey et al ., 1979a). As 
mentioned previously (Section 1.6.3), organ culture in a 
high oxygen gas phase has been shown to facilitate the allo-
transplantation (Lafferty e t al ., 1975, 1976a) and xeno-
transplantation (Sollinger e t al ., 1977) of thyroid tissue 
in rodents. Furthermore, support for a direct role of oxyge n 
in modulating tissue immunogenicity was provided by the 
finding that the culture duration required to obtain survival 
of mouse thyroid allografts could be substantially reduced by 
increasing the partial pressure of oxygen in the gas phase 
(Talmage and Dart, 1978). On the basis of this evidence, our 
first objective was to examine the capacity of the organ 
culture technique to reduce the immunogenicity of foetal mouse 
pancreas allografts. In preparation for this study (detailed 
in Chapter 4), initially we investigated the technical aspects 
of maintaining foetal mouse pancreas in culture under a 
95 % o2 , 5% co2 gas phase. The organ culture procedure has 
been used previously by other groups to investigate the 
cellular differentiation of foetal pancreas tissue and the 
development of endocrine function under str ict envi r onme ntal 
conditions. In this context, i t was reported that foetal 
rat pancreas can survive organ culture for 8-12 days in a 
high oxygen atmosphere (Schweisthal et a l ., 1965; Murrel l , 
1966; Wells et a l ., 196 7; Hegre et al ., 1972 ). In contrast 
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to these findings, Chase and co-workers (1979) found that a 
high oxygen gas phase was toxic to foetal mouse pancreas if 
the tissue was cultured for longer than 4 days. Thus 
discrepancies exist in the literature concerning the ability 
of foetal pancreas tissue to tolerate high oxygen levels 
~n vitro . 
In this chapter we examine the differentiation and 
functional development of foetal mouse pancreas following 
isotransplantation at the renal subcapsular site. These data 
establish baseline properties of the untreated foetal tissue. 
We investigate the survival of foetal mouse pancreas 
following organ culture in a 95% o2 , 5% co2 gas phase and 
isotransplantation. These findings are used to establish 
optimal culture conditions for an investigation of the effect 
of organ culture on foetal pancreas irnmunogenicity (see 
Chapter 4). Finally, we document a study of the functional 
integrity of cultured foetal pancreas tissue following 
isotransplantation. 
3.2 RESULTS 
3.2.1 Histological description of foetal mouse pancreas 
At 17 days of gestation, foetal monse pancreas explants 
consisted predominantly of acinar tissue at various stages of 
differentiation, undifferentiated tissue and some duct-like 
epithelium. The majority of undifferentiated tissue 
resembled islet tissue (Fig. 3.l(a)). Unlike mature islets, 
the regions of undifferentiated tissue were generally 
pleiomorphic, and were neither characterized by a well defined 
boundary nor stained with aldehyde fuchsin. 
(b) 
Figure 3.1 Histological appearance of BALB/c foetal mouse 
pancreas at 17 days of gestation. Panel (a) shows undiff-
erentiated tissue (U) resembling islet tissue, and 
surrounding acinar tissue (A). Haematoxylin and eosin, x 423. 
Panel (b) shows primitive lymphoid tissue (L) adjacent to 
pancreatic tissue (P). Haematoxylin and eosin, x 174. 
In addition, primitive lymphoid tissue was found 
closely associated with the periphery of foetal pancreas 
explants (Fig. 3 .1 (b)) . This lymphoid component was 
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characterized by loosely packed, small, round cells which 
resembled mononuclear leukocytes. Table 3.1 shows that 
associated lymphoid tissue was identified in four of six 
foetal pancreases which were examined. In two of the four 
positive samples, serial histological sections at 4µ 
intervals were examined; in the case of the two negative 
samples the tissue was sectioned at 100µ intervals. This 
finding suggests that routine identification of the primitive 
lymphoid component of foetal pancreas probably requires 
thorough histological examination of the entire organ. 
3.2.2 Isotransplantation of foetal mouse pancreas 
We first set out to investigate the ability of foetal 
pancreas to survive and differentiate following iso-
transplantation under the kidney capsule of BALB/c recipient 
mice. At 2 to 4 weeks after transplantation the isografts 
were revascularized and contained well differentiated, 
aldehyde fuchsin-positive islets and some duct epithelium 
(Fig. 3.2). By 4 weeks post-transplantation there was a 
massive accumulation of adipose tissue within the grafts. 
The majority of exocrine tissue had degenerated and only 
small patches of acini remained. Often islets and small 
acini were found closely associated with duct epithelium. 
In addition, a proportion of isografts contained a large mass 
of lymphoid tissue which structurally resembled a lymph node 
(Fig. 3. 3) . 
TABLE 3.1 
Lymphoid tissue associated with uncultured foetal mouse 
pancreas before and after isotransplantation 
Tissue 
Foetal pancreas 
Foetal pancreas 
. f C isogra t 
Total No. 
examined 
6a 
12 d 
No. with assoc-
iated lymphoid 
tissue 
4b 
7e 
% samples 
showing lymphoid 
contamination 
67 
58 
a. Two of six pancreases were serially sectioned at 4µ 
intervals; 
intervals. 
remaining pancreases were sectioned at 100 µ 
b . Two of four pancreases were serially sectioned at 4µ 
intervals. 
c . Isografts were examined histologically at 2 - 4 weeks 
after transplantation. 
d . Four of twelve isografts were serially sectioned at 4µ 
intervals; 
intervals. 
remaining isografts were sectioned at 10 0µ 
e . Three of seven isografts were serially sectioned at 4µ 
intervals. 
Figure 3.2 Isograft of BALB/c foetal mouse pancreas 4 weeks 
after transplantation under the kidney capsule. Note 
aldehyde fuchsin-positive islets (I), duct epithelium (D) 
and massive amount of adipose tissue (A). Aldehyde 
fuchsin, x 171. 
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Fi gure 3.3 Panels (a) and (b) each show an isograft of BALB/c 
foetal mouse pancreas 4 weeks after transplantation beneath 
the kidney capsule. Note presence of islets (I), duct 
tissue (D), adipose tissue (A) and mass of lymphoid tissue 
(L). (a) Haematoxylin and eosin, x 167. (b) Haematoxylin 
and eosin, x 173. 
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Table 3.1 shows that seven of twelve isografts examined 
at 2 to 4 weeks after transplantation contained lymph-node-
like structures. Examination of four grafts serially 
sectioned at 4µ intervals showed that three of the four 
grafts contained a mass of lymphoid tissue; of eight grafts 
sectioned at 100µ intervals, four grafts contained lymph-node-
like structures. These findings support the detection of 
primitive lymphoid tissue associated with foetal pancreas 
explants (Section 3.2.1). Thus, it appears that the primitive 
lymphoid component is co-transplanted with the foetal 
pancreas and,following transplantation, continues to develop 
into a more organized lymphoid structure. As in the case of 
foetal pancreas explants, detection of the associated lymphoid 
tissue of foetal pancreas isografts may be facilitated by the 
histological examination of serial sections through the 
entire graft. 
In addition, the histological data confirm the findings 
of other groups (Browning and Resnik, 1951-1952; Brown 
et al .~ 1976; Hegre et al. ~ 1976a) that following iso-
transplantation of foetal pancreas, the exocrine component 
degenerates and the endocrine component continues to grow and 
to yield differentiated islets. 
3.2.3 Function of foetal pancreas isografts 
The minimum number of foetal mouse pancreases required 
to reverse Streptozotocin-induced diabetes was examined. 
Figure 3.4 shows the results obtained when one BALB/c foetal 
pancreas was transplanted under the kidney capsule of 
isogeneic diabetic recipient mice. Transplant recipients 
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Figure 3.4 Non-fasting blood glucose levels (open symbols) and 
body weight (closed symbols) of diabetic BALB/c mice foll-
owing isotransplantation of a single foetal pancreas under 
the kidney capsule. The shaded region defines the 95 % 
probability interval for the non-fasting blood glucose 
levels of normal BALB/c mice. Grafts were removed by 
excision of the graft-bearing kidney . Each panel shows the 
data for two transplanted mice. 
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were maintained daily on 0.8 units of Ultralente insulin for 
65 days following transplantation and then 0.4 units for a 
further 2 days (see Section 2.17). Insulin therapy was then 
terminated. The data illustrate that isotransplantation of 
a single foetal pancreas will reverse diabetes. In these 
animals, the non-fasting blood glucose levels returned to the 
normal range within 23 to 45 days post-transplantation. 
During this period the mice showed a steady increase in body 
weight. All mice remained normoglycaemic until surgical 
removal of the graft at 181-182 days after transplantation. 
Following graft removal three of the four transplanted 
animals rapidly returned to the diabetic state and showed a 
sharp loss in body weight. This finding demonstrated that 
the maintenance of normoglycaemia had been graft-dependent. 
However, the fourth animal showed only a slight rise in non-
fasting blood glucose levels suggesting that, in this mouse, 
regeneration of host pancreatic islet function had occurred. 
This animal also responded most rapidly to transplantation. 
At 143-175 days after transplantation the urine glucose 
levels of these transplanted mice were ~0.07 mmoles glucose/ 
24 hours (Table 3.2). The urine glucose output of three 
of the four mice remained outside the normal range. Even so, 
these levels were at least two orders of magnitude lower than 
for diabetic control mice. 
Figure 3.5 shows the results obtained following iso-
transplantation of four foetal pancreases under the kidney 
capsule. These transplant recipients were maintained daily 
on 0.8 units of Ultralente insulin for 14 days after 
TABLE 3. 2 
Urine glucose output following isotransplantation of one and 
four uncultured foetal pancreases 
Isograft Mouse Time post-transplant Urine glucose a 
Code (days) (mmoles/2 4hr) 
1 foetal ( 1) 143 0.03 
pancreas 175 0.07 
( 2) 143 0.02 
175 0.01 
( 3) 154 0.07 
174 0.01 
(4l 157 0.01 
174 0.00 
4 foetal ( 1) 141 0. 26 C 
pancreases 173 0.01 
( 2) 142 0.01 
174 0.01 
( 3) 142 0.01 
174 0.00 
( 4) 142 0.00 
174 0.01 
( 5) 142 0.09 
174 0.01 
( 6 ) 159 0.01 
176 0.01 
a . Urine glucose output for normal BALB/c mice was 0.00 
mmoles glucose/24 hours; the levels for diabetic BALB/c 
mice were ~ 9.38 mmoles glucose/24 hours (Section 2.18) o 
b . This mouse showed evidence of spontaneous recovery from 
diabetes following graft removal (Section 3.2.3) . 
c . Urine collection cylinder contained approximately 7 ml 
of loosely packed food grains (see Section 2.18). 
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Figure 3.5 Non-fasting blood glucose levels (open symbols) and 
body weight (closed symbols) of Streptozotocin-treated 
diabetic BALB/c mice after transplantation of four iso -
geneic foetal pancreases beneath the kidney capsule. The 
shaded region represents the 95 % probability interval for 
the non-fasting blood glucose levels of normal BALB/c mice. 
Grafts were removed by excision of the graft-bearing 
kidney. Each panel shows the data for 2 transplant recip -
ients. The data are representative of a total group of 
six t ransplanted mice. 
73 
transplantation and then 0.4 units of insulin for a further 
two days; insulin therapy was then completely withdrawn. 
Normoglycaemia was established in this group between 17 and 
30 days post-transplantation. Recovery was accompanied by 
a steady increase in body weight and all mice remained 
normoglycaemic until the transplant was removed. The reason 
for the decline in body weight of one mouse (Fig. 3.S(b)), 
prior to the removal of the graft,is not known. It is possible, 
however, that a large skin lesion on the flank of this mouse 
was a contributing factor. In all mice, removal of the graft-
bearing kidney was followed by a rapid increase in blood 
glucose levels, loss of body weight and re-establishment of 
diabetes. This finding confirmed that the reversal of 
diabetes in these mice had been due to graft function. 
Table 3.2 shows that at 141-159 days after transplantation 
four of the six transplanted mice showed urine glucose levels 
~0 .01 mmoles glucose/24 hours. The urine glucose output of 
the remaining mice was 0.09 and 0.26 mmoles glucose/24 hours 
respectively. It is possible that in the latter case the 
large quantity of food which had accumulated in the urine 
collection cylinder contributed to the higher glucose level. 
By 173-176 days after transplantation, all transplant 
recipients showed urine glucose levels ~0.01 mmoles glucose/ 
24 hours. However, five of the six measurements remained 
outside the normal range. Although these transplanted mi ce 
were not completely aglycosuric, the urine glucose levels 
were approximately 3 orders of magnitude lower than fo r 
diabetic control mice. 
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This study demonstrated that a single isogeneic foetal 
pancreas transplanted under the kidney capsule will reverse 
diabetes in the mouse. Increasing the amount of donor tissue 
four-fold reduced the time required for re-establishment of 
normoglycaemia but this effect was only marginal. 
3.2.4 Survival of foetal pancreas in organ culture 
To establish the optimal procedure for the organ culture 
of foetal mouse pancreas in a high oxygen gas phase, two 
organ culture methods were compared: the submerged organ 
culture method and the grid organ culture technique. In 
general, submerged cultures (Section 2.3.1) contained 
sufficient medium for the meniscus to just cover the tissue 
surface. In grid cultures (Section 2.3.2) the foetal 
pancreas tissue was directly exposed to the high oxygen 
atmosphere. 
3.2.4.l Organ culture of whole foetal pancreas 
After organ culture of whole foetal pancreas 
(Section 2.3.l; Section 2.3.2) for 10 days, most of the acinar 
tissue had disappeared and only remnants of acini were 
observed. The major component of foetal pancreas tissue 
present was undifferentiated tissue. In addition, some duct 
epithelium and a small number of aldehyde fuchsin-positive 
islets were identified. Some groups of aldehyde fuchsin-
staining cells were also found scattered throughout the 
undifferentiated tissue compartment. Table 3.3 shows that 
two of two grid-cultured foetal pancreases and four of five 
submerged-cultured foetal pancreases contained some viable 
pancreatic tissue and necrotic tissue (Fig. 3.6). The 
TABLE 3.3 
Survival of 10 day-cultured whole foetal mouse pancreas 
Culture 
method 
Grid 
Submerged 
Total No. 
pancreases 
2 
5 
a. Histological score key: 
Histological scorea /pancreas 
+ 
++ 
+ 
+ 
+ 
++ 
+++ 
+++ Viable pancreatic tissue and no necrosis. 
++ Viable pancreatic tissue and some necrotic tissue. 
+ Extensive necrosis and some viable pancreatic tissue a 
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Figure 3.6 Histological sections of whole foetal mouse 
pancreas following organ culture for 10 days in 95% 
5% (a) Submerged culture. Haematoxylin and eosin, 
I 
. . 
·-
X 183. (b) Grid culture. Haematoxylin and eosin, X 179. 
Note tissue necrosis shown by pycnotic nuclei (arrow) 
~ 
,,,. 
7 5 
remaining cultured pancreas contained well-preserved 
pancreatic tissue and some fibrotic tissue. Tissue necrosis 
was commonly found in the central region of submerged-
cultured foetal pancreases and was characterized by pycnotic 
cells. Both peripheral and central necrosis were identified 
in grid cultures. Macroscopically, the submerged cultures 
had condensed into a compact mass by 10 days. It is likely, 
therefore, that the central necrosis identified by 
histological examination resulted from inadequate diffusion 
of oxygen and possibly other nutrients. In contrast, the 
peripheral necrosis of grid cultures suggested that direct 
exposure to a high oxygen gas phase was toxic for foetal 
pancreas tissue. 
In an attempt to improve the recovery of viable 
pancreatic tissue, in subsequent experiments the foetal 
pancreas was cut into three segments prior to 
organ culture. 
3.2.4.2 Organ culture of foetal pancreas segments 
Table 3.4 shows the survival of foetal pancreas 
segments following organ culture in 95% o2 , 5% co2 for 10 and 
17 days. At 10 days, four of ten grid-cultured segments and 
sixteen of forty-two submerged-cultured segments showed good 
survival of foetal pancreas tissue with either little or no 
necrosis or fibrosis. This finding suggested that,compared 
to whole foetal pancreas cultures (Table 3.3), the division 
of foetal pancreases into segments marginally improved the 
survival of pancreatic tissue. However, statistical analyses 
showed that by 17 days there was a significant decline in the 
survival of foetal pancreas tissue cultured on grids 
TABLE 3. 4 
Survival of foetal mouse pancreas segments in organ culture 
Culture 
method 
Duration 
of culture 
(days) 
Total No. 
segments 
No. segments with 
histological scorea 
Grid 10 
17 
10 
7 
++++ +++ ++ 
2 2 2 
+ 0 
2 
Submerged 10 
17 
42 
38 
4 12 
8 
a . Histological score key: 
b . 
++++ Viable pancreatic tissue only. 
+++ Extensive proportion of viable pancreatic tissue b u t 
some necrosis or fibrotic connective tissue. 
++ Viable pancreatic tissue and an approximately equa l 
proportion of necrotic or fibrotic tissue. 
+ Extensive necrosis or fibrosis and small quantity of 
viable pancreatic tissue. 
0 Necrotic or fibrotic connective tissue wi th only 
remnants of pancreatic tissue. 
p 
p 
0.0037 
0.000 1 
(Exact probability test; Swinscow , 1980b). 
(Exact probability test: Swinscow, 1980b). 
d . P < 0.01 (Approximation to exact probability test; 
Kendall and Stuar t , 1973). 
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(P = 0.0037). Whereas only two of ten segments showed no 
evidence of viable pancreatic tissue after 10 days of grid 
culture, seven of seven segments were necrotic by 17 days 
(Fig. 3.7(c)). Submerged cultures showed significantly better 
survival than grid cultures at 17 days (P 0.0001); only three 
of thirty-eight submerged-cultured segments failed to show 
signs of viable pancreatic tissue. The remaining 17 day-
cultured segments contained undifferentiated tissue, a small 
amount of differentiated tissue, some duct epithelium and 
fibrotic connective tissue or some necrotic tissue 
(Fig. 3.7(a)). No acinar tissue was identified and it is 
likely that the degenerated exocrine compartment was replaced 
by fibrotic connective tissue. Generally, only cells located 
on the periphery of differentiated islet-like tissue were 
stained with aldehyde fuchsin. Whether the scant aldehyde 
fuchsin-positive staining was due to incomplete differentiation 
of the islet tissue or to beta cell degranulation in response 
to glucose (2 gm/litre) and/or nicotinarnide (1 mg/litre) 
present in RPMI 1640 culture medium (Moore e t al .~ 1967; 
Andersson and Hellerstrom, 1980) cannot be distinguished. 
Table 3.4 also shows that, compared to 10 day-submerge d 
cultures, a significantly larger proportion of 17 day - submerged 
cultures showed extensive necrosis or fibrosis with l ittle 
viable pancreas tissue (P < 0.01; Fig. 3.7(b)). 
These findings demonstrate that the subme r ged organ 
culture procedure permits long-term culture of f oetal mouse 
pancreas in a 95 % o2 , 5% co2 gas phase. However , the decline 
in the recovery of viable tissue by 17 days indicate s tha t 
prolonged organ culture damages foe tal islet tissue . In 
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Figure 3.7 Histological appearance of foetal mouse pancreas 
segments following organ culture for 17 days in 95% o
2
, 
5% co2 . (a) Submerged culture shows viable pancreatic 
tissue and some necrosis. Haematoxylin and eosin, x 187. 
(b) Submerged-cultured segment showing widespread fibrosis, 
some necrosis and small amount of viable pancreatic tissue. 
Note islet-like tissue on periphery of segment. Haematoxylin 
and eosin, x 129. (c) Grid-cultured segment composed 
entirely of necrotic tissue. Haematoxylin and eosin, x 140. 
contrast, the grid culture technique failed to maintain 
foetal pancreas in vitro for 17 days. It is likely that 
this failure was attributable to direct oxygen toxicity. 
3.2.5 Islet survival after organ culture and 
isotransplantation 
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The effect of prolonged organ culture on islet 
differentiation and survival was examined by determining the 
capacity of cultured foetal pancreas to develop histologically 
recognizable islets following isotransplantation. Table 3.5 
shows that following culture for 10 days islet survival was 
observed in all transplants. After 17 days of organ culture, 
two of twenty-one isografts contained remnants of islets 
which stained with aldehyde fuchsin; these grafts 
predominantly consisted of fibrotic connective tissue. The 
remaining isografts were mainly composed of well-
differentiated islets and connective tissue. In addition, 
duct epithelium, a small quantity of adipose tissue and some 
necrotic tissue were observed. In one isograft some residua l 
acinar tissue was also identified. 
After a 20 day culture period, three of nineteen 
isografts showed no islet survival; these transplant s were 
composed entirely of connective tissue elements and some 
necrotic tissue. The remaining isografts contained well 
vasculari zed , fully differentiated islets which stained with 
aldehyde fuchsin (Fig. 3.8). There was also evidence of 
fibrotic tissue and occasionally small amounts of adipose 
tissue and necrotic tissue. The quantity of adipose tissue 
present in cultured isografts was substantially less than that 
TABLE 3. 5 
Survival of islet tissue after submerged organ culture and isotransplantation under the 
kidney capsulea . 
Time in culture 
( days) 
0 
10 
17 
20 
No. transplants 
. d b examine 
12 
12 
21 
19 
No. transplants 
showing different-
iated islets 
12 
12 
19 
16 
No. transplants 
without islet 
development 
2 c 
3d 
% transplants 
showing islet 
survival 
100 
100 
90 
84 
a . Cultured isografts consisted of a single foetal pancreas segment; uncultured iso-
grafts comprised one whole foetal pancreas. 
b . Tissue was examined 2 - 4 weeks after transplantation. 
Two of 21 isografts contained islet remnants and consisted mainly of fibrotic tissue. 
d . Three of 19 isografts were composed entirely of fibrotic and necrotic tissue. 
(b) , 
Figure 3.8 Isograft of a single 20 day-cultured foetal pancreas 
segment 4 weeks after transplantation under the kidney 
capsule of a BALB/c recipient mouse (a) Note well developed 
islet tissue. Haernatoxylin and eosin, x 426. (b) Note 
presence of darkly stained beta cells. Aldehyde fuchsin, 
X 400. 
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observed in uncultured isografts. This finding may be 
attributable to the loss of adipocytes during organ culture. 
No acinar tissue was observed in 20 day-cultured isografts. 
In contrast to uncultured isografts (Section 3.2.2), no 
lymph-node-like structures were observed in cultured iso-
grafts. This finding suggests that organ culture in a high 
oxygen atmosphere substantially damages the primitive lymphoid 
component of mouse foetal pancreas. There was no qualitative 
difference in islet development between uncultured and 10 day-
cultured isografts. However, the data indicate that islet 
survival was impaired following 17 - 20 days of organ culture. 
These findings support the proposal that prolonged culture in 
an oxygen rich atmosphere can damage primitive foetal islet 
tissue (Section 3.2.4.2). 
3.2.6 Function of 20 day-cultured foetal pancreas tissue 
It is apparent from the above data (Section 3.2.5) that 
the limit of foetal pancreas survival in a 95% o2 , 5% co2 gas 
phase is approximately 17 to 20 days. Furthermore, studies 
on the function of uncultured foetal pancreas isografts 
indicated that 1 to 4 foetal pancreases will reverse diabetes 
(Section 3.2.3). To examine the functional capacity of 
transplanted 20 day-cultured tissue, tissue from two foetal 
pancreases (six segments), cultured for 20 days, was 
transplanted under the kidney capsule of isogeneic diabetic 
recipients. 
Figure 3.9 shows that 20 day-cultured isografts can 
reverse diabetes. The data are representative of a total group 
of six transplanted mice. Transplant recipients were treated 
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Figure 3 . 9 Non - fasting blood glucose levels (open symbols ) an d 
body weight (closed symbols) of diabetic BALB/c mice 
carrying isografts of six 2 0 day-cultured foetal pancreas 
segments (two 20 day-culture d foetal pancreases) under the 
kidney capsule . Each p anel shows the data for t wo trans-
planted mice . The shaded region defines the 95 % p r oba bility 
interva l for the non - f asting b lood glucose l e vels of normal 
BALB/c mi c e . Grafts were removed by e x c ision of the graft-
be ari ng kidney . 
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daily with 0.8 units of Ultralente insulin for 118-127 days 
and then 0.4 units of insulin for a further 2 days. Insulin 
treatment was then terminated. There was considerable 
variation in the time taken for non-fasting blood glucose 
levels to fall within the normal range. However, all mice 
eventually became normoglycaemic by 62 to 269 days after 
transplantation. In addition, all transplant recipients 
showed a gradual increase in body weight until the graft was 
removed. Removal of the transplant was accompanied by a 
rapid return to the diabetic state and a sudden fall in body 
weight. This finding confirmed that re-establishment of normo-
glycaemia had been directly attributable to graft function. 
Aglycosuria was restored in five of the six transplanted 
mice by 238 - 248 days after transplantation (Table 3.6). 
The remaining animal showed normal urine glucose levels by 
338 days post-transplantation. This transplant recipient 
also exhibited the longest delay in normalizing the non-
fasting blood glucose level. Restoration of aglycosuria 
therefore paralleled the re-establishment of normoglycaemia. 
This finding supports the notion that urinary glucose output 
is an explicit indication of graft function (Section 2.18). 
Figure 3.10 shows the histological appearance of one of 
the six 20 day-cultured isografts which successfully reversed 
Streptozotocin-induced diabetes. At 265 days after transplan-
tation, the graft consisted of massive, well-differentiated 
islets which stained intensely with aldehyde fuchsin. 
This study demonstrated that two 20 day-cultured foetal 
pancreases can reverse diabetes. However it is apparent 
that organ culture damages the function of foetal pancreas 
TABLE 3. 6 
Urine glucose output following isotransplantation of 20 day-
cultured foetal pancreas tissue 
Mouse 
Code 
( 1) 
( 2) 
( 3) 
( 4) 
( 5) 
( 6) 
Time post-transplant 
(days) 
193 
238 
193 
238 
194 
239 
172 
186 
248 
172 
186 
248 
172 
186 
248 
338 
343 
. 1 a Urine g ucose 
(mmoles/24 hr) 
0.02 
0.00 
0.02 
0.00 
0.01 
0.00 
0.01 
0.03 
0.00 
1.25 
0.01 
0.00 
9.68 
15.30 
0.95 
0.00 
0.00 
a. Urine glucose output for normal BALB/c mice was 0.00 
mmoles glucose/24 hours; urine glucose levels for contro l 
diabetic BALB/c mice were 2:_ 9.38 mmoles glucose/24 hours 
(Section 2.18). 
Figure 3.10 Isograft of six 20 day-cultured foetal BALB/c 
pancreas segments 265 days after transplantation under 
the kidney capsule of a diabetic BALB/c recipient mouse. 
Note large differentiated islets with dense beta cell 
granulation. Aldehyde fuchsin, x 167. 
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tissue; isografts of two 20 day-cultured foetal pancreases were 
less efficient than isografts of one uncultured foetal pancreas 
(Section 3.2.3) in reversing diabetes. Other data presented in 
this chapter support the notion that the impaired functional 
capacity of 20 day-cultured foetal pancreas tissue is due to 
the decline in survival of primitive islet tissue following 
long- term organ culture (Section 3.2.4.2, Section 3.2.5). 
3.3 DISCUSSION 
The selective growth and development of endocrine tissue 
and the atrophy of exocrine tissue are characteristic 
properties of foetal pancreas isografts which have been well 
documented (Browning and Resnik, 1951-1952; Coupland, 1960; 
Hegre e t al., 1976a; Brown et al ., 1976; McEvoy and Hegre, 
1978). In this chapter we confirmed these properties in 
isografts of mouse foetal pancreas transplanted beneath the 
kidney capsule. 
In addition, we presented histological evidence for the 
contamination of foetal mouse pancreas explants with primitive 
lymphoid tissue. The associated lymphoid component was not 
found within the pancreas itself but around the diffuse 
periphery of the organ. Further support for the existence 
of lymphoid contamination was provided by the presence of 
lymph-node-like structures within foe t al pancreas isogr a fts. 
It should be noted that the primitive l ymphoid t i ss ue was no t 
distinguishable at the stereomicroscopic level and therefore 
could not be selectively removed from explants prior t o 
transplantation. Thus, the lymphoid structures which deve l oped 
in isografts probably resulted from the co-transplantation of 
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associated lymphoid elements. In view of the resemblance of 
these structures to organized lymph nodes, the primitive 
lymphoid component of foetal mouse pancreas may represent 
developing lymph nodes derived from the mesentery which 
surrounds the organ ~n si t u. The significance of these 
findings relates to the possible contribution of such an 
appendage of lymphoid cells to the immunogenicity of foetal 
pancreas tissue (see Chapter 4). 
Subsequent studies in our laboratory have demonstrated 
that the associated lymphoid component of foetal pancreas 
tissue is not unique to the murine organ but instead 
represents a general phenomenon. Recently,primitive lymphoid 
tissue has been identified also in histological sections of 
foetal pig and foetal human pancreas (K.J. Lafferty, personal 
communication). The lymphoid component of human foetal 
pancreas has been analysed using a range of mouse anti-human 
monoclonal antibodies and the immunoperoxidase staining 
technique. Thomson and colleagues (1982) found that 60-70% 
of the cells comprising the associated lymphoid component 
were leukocytes; of these cells, approximately 60% stained 
with anti-Ia-like monoclonal antibody and 10-30% were 
identified as T lymphocytes. The cell populations expressing 
class II antigens (Section 1.3) included B cells, macrophages 
and dendritic cells. Similarly, Danilovs et al . (1982) have 
identified class II antigen-bearing cells and T ce lls in t he 
peripheral lymphoid tissue of human foetal pancreas expl a n t s. 
No such analysis has yet been made of the lymphoid tissue 
associated with mouse foetal pancreas. However, it i s not 
unlikely that similar c e ll populations would be r e prese n ted. 
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We have demonstrated that isografts of a single foetal 
mouse pancreas transplanted under the kidney capsule can 
reverse Streptozotocin-induced diabetes in recipient mice. 
Other groups have also shown that isotransplantation of a 
single foetal pancreas is sufficient to reverse experimentally-
induced diabetes (Brown et al .~ 1981; Hoffman et al .~ 1981). 
These findings are important because they illustrate that a 
particular advantage of the use of foetal pancreas transplants 
for the reversal of diabetes is the potential for a single 
foetal donor to provide sufficient islet tissue to normalize 
the blood glucose levels of a diabetic host. In contrast, 
multiple donors are required to isolate sufficient numbers 
of adult islets for the reversal of diabetes following 
transplantation to individual recipients (Gray and Watkins, 
1976a; Feldman et al .~ 1977; Bowen and Lafferty, 1980) 0 It 
is likely that the difference in the number of foetal and 
adult donors required for transplantation can be attributed 
to the loss of adult islet tissue during the islet isolation 
procedure and to the growth potential of primitive foetal 
islet tissue. 
The administration of insulin to recipients carrying 
isografts consisting of eight foetal rat pancreases has b e en 
shown to promote the growth and differentiation of t h e beta 
cell component of the foetal endocrine tissue (McEvoyand Hegre, 
1978, 1979) and to enhance graft function (McEvoy et al . ~ 
1978; McEvoy and Hegre, 1979) in a proportion of transplanted 
rats. Support for the former observation has been prov i ded by 
in vitro studies; the addition of exogenous insulin t o 
culture s of foetal r a t pancreas has bee n shown to increase 
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markedly both the volume of the beta cell component and the 
insulin content of the explants (McEvoy, 1981). The mechanism 
of insulin action on beta cell growth, however, is not under-
stood. Hoffman et al. (1981) reported that the function of 
isografts of a single foetal mouse pancreas transplanted to 
the spleen was improved in the long-term by treatment of 
transplant recipients with parenteral insulin. In our 
studies,recipient mice were also maintained daily 
on insulin. Whether this treatment enhanced the growth 
and differentiation of the foetal islet tissue is not known. 
Chase et al. (1979) reported that foetal mouse pancreas 
was particularly sensitive to oxygen toxicity and did not 
survive organ culture in 95% o2 , 5% co2 beyond 4 days. The 
results presented in this chapter show that the foetal mouse 
pancreas can be cultured in an oxygen rich atmosphere for up 
to 20 days and will function when subsequently transplanted 
to diabetic recipient mice. These conflicting results can be 
related to differences in culture technique. Chase and co-
workers (1979) cultured tissue on stainless steel grids at 
the medium/gas interface. In preliminary experiments we used 
a similar culture procedure and also found a substantial 
deterioration in tissue viability. However, in our hands, 
this effect was seen after 10 days. The failure of foetal 
pancreas to survive prolonged culture was probably attributable 
to acute oxygen toxicity resulting from direct exposure of grid 
cultures to the high oxygen atmosphere. We obtained much 
better survival of foetal pancreas in culture when the tissue 
was submerged in a thin layer of medium. Histological 
examination of foetal pancreas tissue transplanted after 17 
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to 20 days of culture showed good islet development in 84-90 % 
of the isografts; the remaining isografts showed evidence 
of a decline in islet survival. The submerged culture 
technique can therefore maintain foetal mouse pancreas in a 
high oxygen gas phase for up to 20 days. 
In addition, we have demonstrated that foetal pancreas 
tissue retains the capacity to function after prolonged organ 
culture. However, isografts of two 20 day-cultured foetal 
pancreases did not function as efficiently as isografts o f a 
single uncultured foetal pancreas in reversing Streptozotocin-
induced diabetes. The histological studies detailed in thi s 
chapter indicate that this deterioration in graft function 
was probably related to the loss of endocrine tissue during 
prolonged culture. Other investigators have also demonstrated 
that the ability of cultured foetal pancreas isografts to 
reverse Streptozotocin-induced diabetes can be influenced by 
the culture conditions. Using a 5% co2 , 95 % air gas phase, 
Mandel and colleagues (1980) reported some reduction in the 
functional capacity of foetal mouse pancreas isografts 
following organ culture in the presence of a high glucose 
concentration (4grn/litre) in the culture medium . 
In our study of the function of cultured i s ografts, the 
eventual recovery from diabetes served to illus t r a t e the 
growth potential and regenerative capacity of t he endocrine 
component of cultured foetal pancreas tis s ue . Indeed, the 
apparent capacity of ductal elements to differentiate into 
endocrine tissue (Coupland, 1960; Bunnag, 1966; Hegre 
et al .~ 1976b) suggests that the pre s e rvation of d uct 
epithe lium following long-term organ cul t ure (Section 3 . 2 . 4 . 2) 
85 
may contribute to the growth of foetal islet tissue following 
transplantation (Hegre et al.~ 1976b; Jonasson and Hoversten, 
1978). Furthermore, transplant recipients were maintained on 
insulin for 120-129 days after transplantation. It is 
possible, therefore, that the insulin treatment enhanced 
islet growth and differentiation (McEvoy et al.~ 1978; 
McEvoy and Hegre, 1978, 1979). In any case, insulin therapy 
permitted these mice to be maintained for the considerable 
length of time required for graft function to develop and 
return the animals to normoglycaemia. 
The absence of lymph-node-like structures in cultured 
isografts suggests that the organ culture procedure damaged 
the primitive lymphoid tissue associated with mouse foetal 
pancreas. This finding is significant because it supports 
the proposal that organ culture in a 95% o2 , 5% co2 gas phase 
removes passenger blood cells from donor tissue prior to 
transplantation (Lafferty et al.~ 1976b; Section 1.6.3). The 
effectiveness of organ culture in modulating foetal pancreas 
immunogenicity will be examined in the following chapter. 
3.4 SUMMARY 
In this chapter we presented evidence indicating that 
foetal mouse pancreas is contaminated with primitive lymphoid 
tissue. In addition, isografts of a single foetal mouse 
pancreas transplanted beneath the kidney capsule of diabet ic 
recipients were shown to reverse Streptozotocin-induced 
diabetes. 
86 
An organ culture procedure was described for the 
maintenance of foetal pancreas tissue in a high oxygen 
atmosphere for prolonged periods. Following organ culture for 
20 days, foetal pancreas tissue retained the functional 
capacity to reverse diabetes in transplanted mice. 
In the following chapter we will assess the effectiveness 
of this organ culture procedure in reducing the irnmuno-
genicity of foetal pancreas allografts. The investigation 
includes a comparative study of the effect of the same organ 
culture system on the allotransplantation of isolated adult 
mouse islets. 
CHAPTER 4 
THE EFFECT OF ORGAN CULTURE ON THE IMMUNOGENICITY 
OF FOETAL MOUSE PANCREAS 
AND ISOLATED ADULT MOUSE ISLETS 
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4.1 INTRODUCTION 
Reports in the mid-1970s demonstrated that organ culture 
of donor tissue prior to transplantation prolonged the 
survival of allogeneic mouse thyroid (Lafferty et al .~ 1975, 
1976a; Section 1.6.3) and ovary (Jacobs, 1974; Lueker and 
Sharpton, 1974; Section 1.6.3). Following this demonstration, 
several groups adopted the organ culture technique for the 
allotransplantation of both foetal and adult pancreatic islet 
tissue. 
In the case of foetal pancreas tissue, little or no 
prolongation of allograft survival was observed. Hegre et al . 
(1976a) demonstrated that allografts of foetal rat pancreas 
cultured for 10 days in a gas phase of 95% o2 , 5% co2 were 
acutely rejected. Mandel and Higginbotham (1979) reported 
that long-term culture in a 5% co2 , 95% air atmosphere only 
delayed the rejection of foetal mouse pancreas allografts. In 
addition, Garvey and co-workers (1980b) showed that organ 
culture for 21 days in the same gas phase failed to prolong 
the survival of foetal pancreas allografts in the rat. 
In contrast, several groups working with isolated adult 
islets reported either partial or complete success. Kedinge r 
et al . (1977) obtained partial reversal of diabetes with allo -
grafts of rat islets cultured for 4 days in 5 % co2 , 95 % air . 
Lacy and colleagues (1979a) were only able to demonstra t e pro-
longed survival of allogeneic rat islets cultured for 7 day s 
in a gas phase of 5% co2 , 95% air when the transplant 
recipients were given a single dose of rabbit anti-rat lympho-
cyte serum (ALS) at the time of transplantation. Ande r sson 
(1979) reported some evidence suggesting that organ culture o f 
adult mouse islets for 4 weeks in a 5% co2 , 95% air 
atmosphere improved the function of islet allografts. 
88 
In our 
laboratory, a procedure was developed for the organ culture of 
isolated adult mouse islets in a high oxygen gas phase 
(Bowen et al.~ 1980). Organ culture for 7tol2 daysinthis gas 
phase facilitated the long-term survival of islets prepared 
from cyclophosphamide-pretreated donors. However there was 
no significant difference in the survival of 7 day-cultured 
allogeneic islets isolated from cyclophosphamide-pretreated 
and untreated donors, at2 weeks post-transplantation (Bowen 
et al .~ 1980). 
Thus, there is controversy in the literature concerning 
the capacity for organ culture to facilitate the acceptance of 
islet tissue allografts. 
In this chapter, we utilize the submerged organ culture 
procedure presented in Chapter 3 to examine the effect of 
culture in a high oxygen atmosphere on the immunogenicity of 
foetal mouse pancreas allografts. In essence, this technique 
successfully prolonged the survival of allografts of isolated 
adult mouse islets (Bowen et al.~ 1980). We extend this study 
of the immunogenicity of isolated adult islets and compare the 
effectiveness of the same organ culture system on the survival 
of allografts of foetal pancreas and isolated adult islets 
transplanted across the same maJor histocompatibility barrier. 
We examine the functional capacity of uncultured and cultured 
foetal pancreas allografts to reverse Streptozotocin-induced 
diabetes. Finally, we investigate the combined effect of 
organ culture and recipient immunosuppression on promoting 
foetal pancreas allograft acceptance. 
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4. 2 RESULTS 
4.2.l Allotransplantation of uncultured foetal p ancre a s 
Allografts of uncultured BALB/c foetal mouse pancreas 
transplanted across a major histocompatibility barrier to CBA 
recipients were acutely rejected (see Table 4.1). At 2 wee k s 
after transplantation,the grafts consisted mainly of scar 
tissue with some mononuclear cell infiltration (Fig. 4.1). 
There was no evidence of pancreatic islet tissue remaining and 
haemorrhage was frequently observed at the graft site. 
This finding is consistent with reports from other groups 
(Garvey et al .~ 1979a, 1980b; Millard et al .~ 1980; Mul l en 
and Shintaku, 1980) that uncultured foetal pancreas is 
immunogenic and evokes a vigorous allograft reaction following 
transplantation under the kidney capsule of recipient animals. 
4 . 2. 2 Effect of organ culture on foetal pancreas 
allograft survival 
We set out to determine whether organ culture in a high 
oxygen gas phase would facilitate foetal pancreas al lograft 
survival. In Chapter 3 we demonstrated that foetal mouse 
pancreas can survive in a 95 % o2 , 5 % co2 gas phase for up to 
20 days. On this basis we examined the integrity o f a llo -
grafts of a single BALB/c foetal pancreas segmen t cultured in 
95 % o2 , 5% co2 for 1 0 , 17 and 2 0 d a ys prior to tran s plantation 
across a major his t ocompatibility barri er to CBA r eci pient 
mice. 
Table 4.1 shows that all of eleven 10 day - cultured 
f oe tal p ancre a s al logr afts examined at 2 weeks after 
TABLE 4. 1 
Effect of organ culture on foetal pancreas allograft survival 
Du r ation 
of culture 
(days) 
Time post- Total No. No. grafts with b % grafts 
transplant graftsa histological score survivingc (weeks) examined 
0 
10 
17 
20 
2 
2 
4 
2 
4 
12 
2 
4 
12 
9 
11 
12 
12 
12 
11 
12 
11 
10 
++++ +++ ++ + 0 
1 
3 
6 
3 
d 
1 
2 
1 
1 
9 
7 2 2 
9 2 
1 3 5 
1 3 1 
5 1 
3 1 4 
2 3 
3 2 
0 
0 
8 
25 
50 
27 
33 
45 
40 
a . Uncultured allografts consisted of a whole foetal pancreas; 
a single foetal pancreas segment was used for cultured 
allografts . 
b . Histological score key : 
++++ Intact islets without mononuclear cell infiltration 
at the graft site . 
+++ Intact islets with mononuclear cell infiltration at 
the graft site but no infiltration into islets. 
++ Mononuclear cell infiltration and damaged islet 
tissue evident . 
+ Mononuclear cell infiltration and scar tissue. 
0 Fibrotic scar tissue or necrotic tissue without 
mononuclear cell infiltration. 
c . Criteria for allograft survival were the presence of 
intact islets and the absence of mononuclear cell infil-
tration at the graft site. 
d . P = 0 . 1654 (Exact probability test; Swinscow, 1980b). 
(a) 
, 
(b) 
Figure 4.1 Allograft of uncultured BALB/c (H-2d) foetal 
pancreas 2 weeks after transplantation under the kidney 
k 
capsule of a CBA (H-2) recipient. Note the presence of 
scar tissue and mononuclear cell infiltration (a) Haematox-
ylin and eosin, x 167. (b) Higher magnification of the 
cell infiltrate shown in (a). Haematoxylin and eosin, x 407 
9 0 
transplantation were completely rejected. Histological 
examination revealed that seven of eleven 10 day-cultured 
allografts contained an intense mononuclear cell infiltrate 
and occasionally evidence of damaged islet tissue and duct 
epithelium (Fig. 4.2). At the macroscopic level, 
these grafts were markedly swollen in appearance. 
This finding was probably attributable to the vigorous 
inflammatory cell response. Two of eleven 10 day-cultured 
allografts at 2 weeks after transplantation consisted of scar 
tissue with mononuclear cell infiltration. The remaining two 
allografts were composed of fibrotic connective tissue and a 
few mononuclear cells. By 4 weeks after transplantation one 
of twelve 10 day-cultured allografts showed histological 
evidence of islet survival without mononuclear cell 
infiltration at the site of transplantation. However, nine of 
the twelve allografts showed obvious signs of rejection; 
these grafts contained scar tissue and a light mononuclear 
cell infiltrate. The remainder consisted of fibrotic 
connective tissue elements and a few mononuclear cells. In 
the case of those allografts which showe d n o evidence of islet 
survival or mononuclear cell infiltration, the histologi cal 
appearance resembled scar tissue which repopulate s a graft 
site following an acute allograft rejec t ion reac t i on. This 
proposal is supported by the fact that a ll 10 day -cultur ed 
isografts showe d islet deve lopment (see Ch a pter 3 , Table 3 . 5). 
Even so, an alternative explanation is that t he tissue was not 
viable at the time of the transplanta t ion. Indeed, a small 
proportion of 10 day-cultured s e gme nts did no t s h ow histo-
logical survival of pancreatic ti ssue and p r edominantly 
Figure 4.2 Allograft of a single 10 day-cultured BALB/c foetal 
pancreas segment 2 weeks after transplantation under the 
kidney capsule of a CBA recipient mouse. Note the 
mononuclear cell infiltration into graft. 
and eosin, x 176. 
Haematoxylin 
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consisted of fibrotic connective tissue (see Chapte r 3, Table 
3 . 4) . 
Evidence of allograft acceptance was substantially 
improved after prolonged organ culture for 17 to 20 days. 
However , there was no significant difference between the 
survival of allografts cultured for 17 and 20 days. Table 4. 1 
shows that , following 20 days in organ culture, four of twelve 
(33%), five of eleven (45%) and four of ten (40 %) allografts, 
examined at 2, 4 and 12 weeks post-transplantation 
respectively,showed no evidence of rejection. These grafts 
consisted of well differentiated, intact islet tissue, 
duct epithelium, fibrotic connective tissue and some 
necrotic tissue (Fig. 4 . 3(a)). In addition, a small number 
of mononuclear cells, including histiocytes, were identified 
at the site of transplantation. These cell populations were 
also observed in isografts of cultured foetal pancreas tissue 
and were present either localized in a small region of the 
graft site or sparsely scattered in the connective tissue 
component of the graft. Therefore, the presence of these 
mononuclear cells was clearly distinguishable from the 
classical mononuclear cell infiltration reaction which 
characterizes the allograft rejection response. One allogr aft 
in each group examined at 4 and 12 weeks after transp l antation 
contained intact islets and a mononuclear cell infi l trate 
which did not invade the islet tissue . In e ach group, 18-33 % 
of the 20 day-cultured allografts showed obvious signs of 
rejection. These grafts showed mononuclear cel l i nfi l tration 
and sometimes damaged islet tissue or scar tissue (Fig . 
4.3(b)). In addition, approximately 2 0-33 % of t he a llografts 
(a) 
(b) 
Figure 4.3 (a) Allograft of a single 20 day-cultured BALB/c 
foetal pancreas segment 4 weeks after transplantation under 
the kidney capsule of a CBA recipient mouse. Note the 
presence of intact, well developed islet tissue and absence 
of mononuclear cell infiltration. Haematoxylin and eosin, 
x 164. (b) Allograft of a 20 day-cultured BALB/c foetal 
pancreas segment, 2 weeks after transplantation beneath the 
kidney capsule of a CBA recipient. Note mononuclear cell 
infiltration into graft and damaged islet tissue. 
Haematoxylin and eosin, x 173. 
in eac group showed neither a rejection response nor 
significant islet development. The latter findings are 
consistent with the lack of islet development in a small 
proportion of 20 day-cultured isografts (see Chapter 3, 
Table 3 . 5) . Thus, damage to foetal pancreas tissue during 
prolonged organ culture was probably responsible for the 
extensi e fibrosis and necrosis observed in these 
20 day - c ltured allografts. 
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Alt ough statistically there was no significant 
difference at the 5% level between the survival of uncultured 
and 20 day-cultured allografts (Table 4.1), there was a 
significant effect of organ culture on the histological 
appearance of foetal pancreas allografts. Seven of twelve 20 
day- cultured allografts showed histological scores better than 
all nine uncultured allografts (P = 0.0136; Exact probability 
test; Swinscow, 1980b), at 2 weeks post-transplantation. It 
is possible that with larger group sizes, a significant effect 
of organ culture on allograft survival also would be observed. 
This study indicates that prolonged organ culture in a 
95% o2 , 5% co2 gas phase for 17 to 20 days can facilitate the 
acceptance of 25-50% of foetal pancreas allografts. Organ 
culture for 20 days significantly improved the histological 
integrity of foetal pancreas allografts. 
4. 2 . 3 The effect of organ culture on the survival of 
adult islet allografts: a comparative study 
In this study, we re-examined the effect of organ culture 
for 7 days in a high oxygen gas phase on the survival of 
allografts of isolated adult islets prepared from untreated 
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donor mice (Bowen et al.~ 1980). Assessment of the integrity 
of cultured adult islet allografts was extended to 4 and 12 
weeks post-transplantation. Graft survival was compared to 
cultured foetal pancreas allografts transplanted across the 
same maJor histocompatibility barrier. 
Table 4.2 shows that all uncultured islet allografts at 
2 and 4 weeks after transplantation contained a mononuclear 
cell infiltrate. Two of four and one of four grafts at 2 and 
4 weeks post-transplantation respectively consisted of intact 
islet tissue and a mononuclear cell infiltrate which 
surrounded but did not penetrate the islet tissue. In both 
groups, one of four grafts showed heavy mononuclear cell 
infiltration and obvious destruction of islet architecture. 
The remaining allografts were completely rejected; there was 
heavy mononuclear cell infiltration and only remnants of 
islet tissue were evident (Fig. 4.4(a)). 
The survival of cultured islet allografts at 4 weeks 
after transplantation was significantly better than for 
corresponding uncultured islet allografts (P = 0.0284). Three 
of four (75%), four of four (100%) and five of five (100%) 
cultured allografts, at 2, 4 and 12 weeks post-transplantation 
respectively, showed no signs of rejection. The grafts were 
composed of intact islet tissue which stained intensely with 
aldehyde fuchsin (Fig. 4.4(b)). The remaining allograft at 2 
weeks after transplantation contained intact islet tissue and 
a light mononuclear cell infiltrate which did not invade the 
islet mass. 
Table 4.3 shows that when 10 5 viable donor strain peritoneal 
cells were injected into recipient mice at the time of allo-
transplantation of 7 day-cultured adult islets, all of five 
TABLE 4.2 
Effect of organ culture on the survival of allografts of 
isolated adult islets a 
Duration 
of culture 
(days) 
0 
7 
Time post- Total No. No. grafts with b % grafts 
transplant grafts histological score survivingc 
(weeks) examined 
2 
4 
2 
4 
12 
4 
4 
4 
4 
5 
++++ +++ ++ + 0 
d 
2 
l 
1 
l 1 
1 2 
0 
0 
75 
100 
100 
a . Allografts consisted of a single cluster of isolated adult 
islets (Section 2.6; Section 2.11). 
b . Histological score key: 
++++ Intact islet tissue without mononuclear cell 
infiltration at the graft site. 
+++ Intact islet tissue with mononuclear cell infi ltration 
at the graft site but no infiltrate in islet tissue. 
++ Mononuclear cell infiltration and damaged islet 
tissue evident. 
+ Mononuclear cell infiltration and scar tissue. 
0 Fibrotic scar tissue or necrotic tissue without 
mononuclear cell infiltration. 
c . Criteria for allograft survival were the presence of 
intact islet tissue without mononuclear cell infiltration 
at the graft site. 
d . p 0.0284 (Exact probability test; Swinscow , 1980b). 
Figure 4.4 A. Allograft response to BALB/c (H-2d) isolated 
adult islets 2 weeks after transplantation under the 
kidney capsule of a CBA (H-2k) recipient mouse. Note heavy 
mononuclear cell infiltration into graft. Haematoxylin and 
eosin, x 354. B. Allograft of 7 day-cultured BALB/c 
isolated adult islets 12 weeks post-transplantation under 
the kidney capsule of a CBA recipient. Note dark staining 
S cells present in the transplanted tissue and lack of any 
allograft response. Aldehyde fuchsin, x 316. 
TABLE 4. 3 
The effect of an intravenous injection of viable peritoneal 
cells (PC) to CBA mice at the time of allotransplantation of 
7 day-cultured BALB/c adult islets. 
Cell injection 
10 5 BALB/c PC 
10 5 CBA PC 
Total No. 
mice 
5 
5 
No. mice with % allografts 
survivinga b c surviving 
allografts -' -' 
0 0 
5 100 
a . Allografts were examined histologically at 2 weeks after 
transplantation. 
b . Criteria forallograft survival were the presence of intact 
islet tissue and the absence of mononuclear cell 
infiltration at the graft site. 
c . Allografts consisted of a 7 day-cultured cluster of 
isolated adult islets (Section 2.6). 
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cultured allografts were rapidly rejected. In all of five 
control mice which received transplants of the same cultured 
' 
islet tissue, the injection of recipient type peritoneal cells 
had no effect on allograft survival. This finding 
demonstrated that cultured adult islet tissue carries 
recognizable antigens which can act as targets following 
active immunization of the transplant recipients with donor-
specific stimulator cells (Sections 1.5.3, 1.6.1). 
Thus, organ culture alone for 7 days is sufficient pre-
treatment to obtain long-term survival of up to 100% of adult 
islet allografts. In contrast, organ culture for 17 to 20 
days in the same gas phase is necessary to show evidence of 
acceptance of 25-50% of foetal pancreas allografts, using the 
same donor and recipient mouse strains (Section 4.2.2). This 
study clearly demonstrates that organ culture is more 
effective in reducing the immunogenicity of adult islet tissue 
than in the case of the foetal pancreas. Furthermore, the 
effect of organ culture on the survival of adult islet allo-
grafts is not due to the loss of tissue antigenicity; the 
cultured adult islets were shown to carry recognizable 
antigens. 
4. 2. 4 The effect of organ culture on the survival of 
allografts and isografts of six foetal pancreas 
segments 
It is evident from the data presented in this chapter 
(Section 4.2.2) that prolonged organ culture for 17 to 20 days 
is required to obtain acceptance of a proportion of foetal 
pancreas allografts consisting of a single foetal pancreas 
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segment. However, it is apparent from the studies of isograft 
function,detailed in Chapter 3 (Section 3.2.6),that at least 
six 20 day-cultured foetal pancreas segments (tissue derived 
from two donor foetal pancreases) are required to reverse 
diabetes in isogeneic recipient mice. Thus, to determine the 
optimal culture conditions to be used for a study of allograft 
function (Section 4.2.6) we re-investigated the effect of 
organ culture on prolonging foetal pancreas allograft survival. 
On this occasion, however, each allograft consisted of six 
foetal pancreas segments. BALB/c segments were cultured for 
10, 17, 20 and 24 days in a 95% o2 , 5 % co2 gas phase prior to 
allotransplantation to CBA recipient mice. The culture 
duration was extended to 24 days in an attempt to improve 
allograft survival (Section 4.2.2). 
Table 4.4 shows that all allografts of six 10 day-
cultured foetal pancreas segments were acutely rejected and,in 
general, resembled the histological appearance of single 10 
day-cultured segment allografts (Section 4.2.2). As for 
single segment allografts, evidence of acceptance of allografts 
of six foetal pancreas segments was observed after 17 to 20 
days of organ culture. There was no significant difference 
between the survival of six segment allografts cultured for 17 
and 20 days. Although there is an apparent trend for the 
survival of allografts consisting of six 17 day-cultured and 
six 20 day-cultured segments to be lower than for 
corresponding single segment allografts (Table 4.1; Table 
4.4), this difference was not statistically significant at the 
5% level. 
In Table 4.4, three of ten and two of eight 20 day-
cultured allografts showed no evidence of rejection at 4 and 
TABLE 4. 4 
Survival of allografts consisting of six cultured foetal 
pancreas segments 
Duration 
of culture 
(days) 
Time post-
transplant 
(weeks) 
Total No. 
grafts 
examined 
No. grafts with 
a histological score 
% gr':1f~s b 
surviving 
10 
17 
20 
24 
2 
2 
4 
2 
4 
12 
2 
4 
16 
10 
10 
8 
10 
8 
9 
10 
a . Histological score key: 
++++ +++ ++ + 0 
l 
2 
c ~ d 
3 c 
2d 
2 
2 
2 
2 
1 
5 11 
8 l 
3 3 2 
5 l 
3 4 
l 3 
l l 5 
3 2 2 
0 
10 
20 
0 
30 
25 
0 
20 
++++ Intact islets without mononuclear cell infiltration 
at the graft site. 
+++ Intact islets with mononuclear cell infiltration at 
the graft site but no infiltration into islets. 
++ Mononuclear cell infiltration and damaged islet 
tissue present. 
+ Mononuclear cell infiltration and scar tissue. 
0 Fibrotic scar tissue or necrotic tissue without 
mononuclear cell infiltration. 
b . Criteria for allograft survival were the presence o f intact 
islets and the absence of mononuclear cell infiltration at 
the graft site. 
c . P - 0.2942 (Exact probability test; Swinscow, 1980b ) . 
d . P - 0.4666 (Exact probability test; Swinscow, 198 0b). 
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12 weeks post-transplantation respectively. These grafts 
contained intact, aldehyde fuchsin-positive islets, some duct 
epithelium, connective tissue and occasionally a few mono-
nuclear cells (Fig. 4.5). There was no evidence of 
mononuclear cell infiltration. Compared to the proportion of 
allografts surviving at 4 and 12 weeks, the lack of allograft 
survival in the group examined at two weeks post-
transplantation was not statistically significant at the 5 % 
level (P = 0.2942; P = 0.4666, respectively). It should be 
noted that two of eight grafts in this same group, and also 
at 12 weeks post-transplantation, contained intact islets and 
a mononuclear cell infiltrate which did not invade the islet 
tissue (Fig. 4.6). It is quite possible that such an 
infiltrate could eventually dissipate without jeopardizing 
islet integrity. Except for three of eight grafts at 12 weeks 
post-transplantation,which were mainly composed of fibrotic 
connective tissue and a small number of mononuclear cells, the 
remaining grafts showed obvious signs of rejection. 
No advantage was gained by extending the culture period 
to 24 days. In terms of allograft survival, there was no 
significant difference between 20 day-cultured and 24 day-
cultured allografts. 
Table 4.5 shows that following organ culture for up t o 
17 days, all isografts of six foetal pancreas segments 
contained well differentiated islets. After 20 days of organ 
culture one of seventeen isografts showed poor islet de velop-
ment; this graft was composed mainly of connective t i s sue 
and contained some remnants of islet tissue and some necrotic 
tissue. The majority o f 2 0 day-culture d isografts c ontained 
, ... --(a) -.- -: /. 
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Figure 4.5 (a) Allograft of six 20 day-cultured BALB/c foetal 
pancreas segments 12 weeks after transplantation under the 
kidney capsule of a CBA recipient mouse. Note well 
differentiated islet tissue and absence of mononuclear cell 
infiltration into graft. Haematoxylin and eosin, x 162. 
(b) Higher magnification of the cultured allograft in (a), 
showing presence of densely granulated beta cells. 
Aldehyde fuchsin, x 405. 
Figure 4.6 Allograft of six 20 day-cultured BALB/c foetal 
pancreas segments at 12 weeks post-transplantation beneath 
the kidney capsule of a CBA recipient. Note intact islet 
tissue and the presence of mononuclear cells which do not 
invade the islet tissue. Haematoxylin and eosin, x 167. 
TABLE 4. 5 
Islet development in isografts of six cultured foetal pancreas segments 
Time in 
culture 
( days) 
10 
17 
20 
24 
No. transplants 
. da examine 
6 
20 
17 
13 
No. transplants 
showing well 
developed islets 
6 
20 
16 
8 
No. transplants 
with poor b 
islet development 
C 
1 
Sc 
a . Tissue examined 2-4 weeks after transplantation. 
% transplants 
showing islet 
survival 
100 
100 
94 
61 
b. Transplants consisted mainly of fibrotic connective tissue with remnants of 
islet tissue. 
c. P = 0.0108 (Exact probability test; Swinscow, 1980b). 
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well developed, aldehyde fuchsin-positive islets. Compared 
to 17 day-cultured isografts, a significant decline in islet 
survival was seen in isografts consisting of six 24 day-
cultured segments (P = 0.0108). Whereas all of twenty 17 day-
cultured isografts contained well developed islet tissue, five 
of thirteen 24 day-cultured isografts contained only remnants 
of islet tissue. These findings support the proposal that 
prolonged organ culture in a 95% o2 , 5% co2 gas phase damages 
foetal islet tissue (Section 3.2.5). Furthermore, like 
isografts of cultured single segments, isografts of six 
cultured foetal pancreas segments did not contain lymph node 
structures (Section 3.2.5). 
Thus, in terms of both improvement in allograft integrity 
and preservation of islet development, 20 days represents the 
maximum duration of organ culture for foetal mouse pancreas 
tissue. At 12 weeks after transplantation, 25% of allografts 
consisting of six 20 day-cultured foetal pancreas segments 
showed no evidence of rejection. 
4.2.5 Function of uncultured foetal pancreas allografts 
In view of the decision to use tissue from two donor 
foetal pancreases to investigate the function of cultured 
foetal pancreas allografts (Section 4.2.4), we examined first 
the functional capacity of allografts consisting of two 
uncultured foetal pancreases to reverse Streptozotocin-induced 
diabetes. 
Figure 4.7 shows the blood glucose response of diabetic 
CBA mice following allotransplantation of two uncultured 
BALB/c foetal pancreases under the kidney capsule. The data 
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Figure 4 . 7 Non-fasting blood glucose levels (open symbols) and 
body weight (closed symbols) of diabetic CBA mice following 
allotransplantation of two uncultured BALB/c foetal 
pancreases beneath the kidney capsule. The shaded region 
represents the 95 % probability interval for the non-fasting 
blood glucose levels of normal CBA mice. Each panel shows 
the data for two transplanted mice . 
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are representative of a total group of five transplanted mice. 
Transplant recipients were maintained daily with 0.8 units of 
Ultralente insulin for 29 days following transplantation and 
then with 0.4 units of insulin for a further 2 days (see 
Section 2.17). Insulin treatment was then terminated. Normo-
glycaemia was not established in this group and the blood 
glucose levels fluctuated within the hyperglycaemic range for 
the duration of the study. During this period the mice showed 
little improvement in body weight. 
Three of the five mice were sacrificed at 122-186 days 
after transplantation and the grafts were examined 
histologically. Only fibrotic connective tissue and a few 
mononuclear cells remained at the site of transplantation. 
There was no evidence of pancreatic islet tissue. The 
remaining two mice died at 85 and 179 days after transplant-
ation, probably from complications related to their diabetic 
condition. 
In view of the capacity for isografts of a single 
uncultured foetal pancreas to reverse diabetes within 23-45 
days after transplantation (Section 3.2.3), the functional and 
histological data obtained for allografts of two uncultured 
foetal pancreases indicate that the latter grafts were 
rejected before graft function developed sufficiently to 
return the blood glucose levels to within the normal range. 
4.2.6 Function of 20 day-cultured foetal pancreas 
allografts 
On the basis of the histological data presented in 
Section 4.2.4 and the failure of uncultured allografts to 
reverse diabetes (Section 4.2.5), we investigated the 
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functional capacity of 20 day-cultured allografts to 
ameliorate Streptozotocin-induced diabetes in CBA recipient 
mice. 
A group of seven diabetic CBA mice received transplants 
of six 20 day-cultured BALB/c foetal pancreas segments unde r 
the kidney capsule. Figure 4.8(a) shows that normoglycaemia 
was restored in two of the seven transplant recipients within 
29-37 days after transplantation. These two mice were 
maintained with 0.8 units of Ultralente insulin for 31 days 
after transplantation. The non-fasting blood glucose level o f 
another transplanted mouse was returned to within the normal 
range by 101 days after transplantation. This mouse was 
maintained with 0.8 units of Ultralente insulin for 90 days 
after transplantation. However, the blood glucose level 
fluctuated out of the normal range until 173 days after trans-
plantation. Thereafter, the normoglycaemia remained stable. 
In each of these three transplant recipients, graft function 
was accompanied by a dramatic increase in body weight and t he 
re-establishment of aglycosuria (Table 4.6). Following 
surgical removal of the graft, each mouse rapidly became d i a-
betic. Thus, allograft function alone had been respons ible fo r 
normalizing the glucose metabolism in these mice. His to-
logical examination of these allografts showed the p resence 
of intact islet tissue without any evidence of mononuc lear 
cell infiltration (Fig. 4.9). 
Figure 4.8(b) shows the data for t wo of the remaining 
four allograft recipients which fail ed to demonstrate 
successful reve rsal of diabetes. All four transplanted mi c e 
were maintaine d with 0. 8 units o f Ultrale nte insul in for 115-
122 days after transplantation. Th e data pre s e n ted in Figure 
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Figure 4.8 Non-fasting blood glucose levels (open symbols) and 
body weight (closed symbols) of diabetic CBA mice following 
allotransplantation of six 20 day-cultured BALB/ c foetal 
pancreas segments under the kidney capsule. The shaded 
region defines the 95% probability interval for the non-
fasting blood glucose levels of normal CBA mice. Panels 
(a) and (b) show the data for three and two transplant 
recipients respectively . Grafts (a) were removed by 
excision of the graft-bearing kidney . 
TABLE 4.6 
Urine glucose output of diabetic CBA mice following allo-
transplantation of six 20 day-cultured BALB/c foetal 
Mouse 
code 
( 1) 
( 2) 
( 3) 
a pancreas segments. 
Time post-transplant 
(days) 
-5 
81 
147 
175 
-5 
81 
147 
175 
-5 
147 
175 
203 
b Urine glucose 
(mmoles/2 4hr) 
6.32 
0.07 
0.01 
0.01 
4.88 
0.09 
0.00 
0.00 
5.55 
0.07 
0.04 
0.01 
a . The table shows the data for the three transplant 
recipients in which normoglycaemia was re-established. 
b . Urine glucose output for normal CBA mice was < 0.04 mmoles 
glucose/24 hours (Section 2.18). 
Figure 4.9 Allograft of six 20 day-cultured BALB/c foetal 
pancreas segments at 181 days after transplantation under 
the kidney capsule of a diabetic CBA recipient mouse. Note 
well differentiated islet tissue and absence of mononuclear 
cell infiltration. Haematoxylin and eosin, x 171. 
4.8(b) suggest that a temporary improvement in the hyper-
glycaemic state may have occurred up to 27 days after 
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transplantation. Thereafter, the blood glucose levels showed 
marked fluctuations within the diabetic range. These two 
transplant recipients were sacrificed at 120 days after 
transplantation and the integrity of the allografts was 
assessed. At the histological level, one of the two grafts 
showed well differentiated, intact islet tissue and some 
mononuclear cell infiltration which did not invade the islets. 
It is possible therefore that endocrine function may have 
continued to develop if this graft had remained in situ. The 
other graft showed scar tissue, a few mononuclear cells and no 
evidence of islet tissue. The remaining two mice died at 120 
and 127 days after transplantation without having recovered 
from their diabetic condition during the preceding week. 
Thus, 43% of allografts consisting of six 20 day-cultured 
foetal pancreas segments (20 day-cultured tissue derived from 
two donor foetal pancreases) were successful in reversing 
Streptozotocin-induced diabetes. This finding is consistent 
with the histological survival of 20 day-cultured allografts 
(Section 4.2.4). Interestingly, 20 day-cultured allografts 
functioned much more efficiently than 20 day-cultured iso-
grafts (Section 3.2.6). We suggest that this difference is 
probably attributable to the development of our technical 
expertise in maintaining foetal pancreas tissue in organ 
culture. 
4.2.7 
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The effect of organ culture and ALS treatment of 
transplant recipients on the survival of foetal 
pancreas allografts 
In this chapter we have demonstrated partial success in 
facilitating foetal pancreas allograft acceptance by organ 
culture (Section 4.2.2; Section 4.2.4). In relation to allo-
grafts of isolated adult islets, Lacy and co-workers (1979a) 
reported improved survival of cultured rat islets following 
administration of a single dose of anti-lymphocyte serum (ALS) 
to transplant recipients at the time of transplantation. In 
view of this success, we investigated the effect of short-term 
ALS treatment of transplant recipients on the survival of 
cultured and uncultured foetal pancreas allografts (see 
Section 2.25). 
Table 4.7 shows the survival of BALB/c foetal pancreas 
allografts following organ culture for O, 10 and 20 days, and 
transplantation to either ALS-treated or untreated CBA 
recipient mice. In the case of uncultured foetal pancreas 
allografts, ALS-treatment marginally delayed graft rejection. 
Uncultured allografts from control mice were completely 
rejected by 2 weeks post-transplantation. At 4 weeks post-
transplantation,one of four grafts in the ALS-treated group 
contained intact islet tissue which did not show mononuclear 
cell infiltration. The remaining grafts showed obvious signs 
of rejection. All of four grafts examined at 8 weeks post-
transplantation showed evidence of rejection. 
The survival of 10 day-cultured allografts was 
considerably prolonged following ALS-treatment of recipient 
mice. All 10 day-cultured allografts from untreated 
TABLE 4.7 
The effect of ALS treatment of transplant recipients on islet survival in foetal 
a pancreas allografts 
Duration of 
culture 
(days) 
0 
10 
20 
Recipient 
treatment 
Normal 
ALS 
Normal 
ALS 
Normal 
ALS 
Time post-
transplant 
(weeks) 
2 
4 
8 
2 
4 
8 
8 
8 
Total No. 
grafts 
examined 
3 
4 
4 
16 
4 
4 
5 
8 
No. grafts 
showing b 
islet survival 
0 
1 
0 
0 
4 
0 
4 
7 
% grafts 
showing 
islet survival 
0 
25 
0 
0 
100 
0 
80 
88 
a . Uncultured allografts consisted of two whole foetal pancreases; 
were composed of six foetal pancreas segments. 
cultured allografts 
b. Criteria for islet survival were the presence of intact islet tissue which showed no 
evidence of mononuclear cell infiltration. 
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recipients showed obvious signs of rejection by 2 weeks after 
transplantation (Fig. 4.lO(a)). In contrast, at 4 weeks post-
transplantation, all of four 10 day-cultured allografts in the 
ALS-treated group contained intact islet tissue which showed 
no evidence of mononuclear cell infiltration (Fig. 4.lO(b)). 
These grafts also contained duct epithelium and some adipose 
tissue. However, by 8 weeks after transplantation graft 
rejection was evident and no intact islet tissue remained. 
In terms of improved islet survival, no effect of ALS was 
demonstrated in 20 day-cultured allografts examined at 8 weeks 
after transplantation. 
A statistical analysis of these data was precluded on the 
basis that uncultured and 10 day-cultured allografts in normal 
recipient mice were assessed for islet survival at an earlier 
post-transplant time than for the ALS-treated groups. However 
since the former grafts showed evidence of acute rejection, 
the data indicate that short-term immunosuppression of 
transplant recipients with ALS delayed but did not prevent the 
rejection of 10 day-cultured foetal pancreas allografts. The 
study suggests that organ culture of foetal pancreas tissue 
for 10 days in a high oxygen gas phase and ALS 
treatment of transplant recipients acted synergistically to 
produce a transient prolongation in the survival of foetal 
pancreas allografts. 
4.3 DISCUSSION 
It is evident from the data presented in this chapter 
that organ culture for 20 days in a high oxygen atmosphe r e c a n 
significantly improve the histological integrity of foetal 
pancreas allografts transplante d across a major 
(b)' 
Figure 4.10 (a) Allograft of six 10 day-cultured BALB/c foetal 
pancreas segments 2 weeks after transplantation under the 
kidney capsule of a CBA recipient mouse. Note the vigorous 
allograft response, remnants of damaged islet tissue and some 
duct epithelium. Haematoxylin and eosin, x 171. (b) Allo-
graft of six 10 day-cultured BALB/c foetal pancreas segments, 
4 weeks after transplantation beneath the kidney capsule of 
an ALS-treated CBA recipient. Note the presence of intact 
islet tissue and absence of mononuclear cell infiltration. 
Haematoxylin and eosin, x 168. 
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histocompatibility barrier. Furthermore, 25% of 20 day-
cultured allografts (six segments) showed no evidence of 
rejection at 12 weeks post-transplantation. The failure of 
other groups (Hegre et al .~ 1976a; Garvey et al .~ 1980b; 
Mandel and Higginbotham, 1979) to demonstrate a positive 
effect of organ culture on the histological and/or the 
functional integrity of foetal pancreas allografts can 
probably be attributed to the different culture conditions. 
We have confirmed,in the mouse, the report by Hegre et al . 
(1976a) that organ culture for only 10 days in a high oxygen 
gas phase was insufficient to prolong the survival of foetal 
rat pancreas allografts. Our study has illustrated that 
extension of the culture period to 20 days was required to 
demonstrate a significant effect of organ culture on the 
histological appearance of foetal mouse pancreas allografts. 
Long-term organ culture in a 5% co2 , 95% air gas phase has 
been shown to be ineffective in prolonging the survival of 
foetal pancreas allografts for the time required to reverse 
Streptozotocin-induced diabetes in both the mouse (Mandel and 
Higginbotham, 1979) and rat (Garvey et a l.~ 1980b; Morris et 
a l.~ 1980). Our success in demonstrating reversal of 
Streptozotocin-induced diabetes following foetal pancreas 
allotransplantation was obtained by using foetal pancreas 
tissue cultured for 20 days in a 95% o2 , 5% co2 
gas phase. 
It should be noted that the &n vivo administration of 
Streptozotocin can result in at least temporary depression 
of some T cell-mediated inunune functions (Mahmoud et al .~ 
1976; Nichols et al .~ 1979). However, our finding tha t 
uncultured foetal pancreas allografts failed to ameli o r ate 
the diabetic state in r e cipien t mice suggests tha t the 
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successful reversal of Streptozotocin-induced diabetes 
following allografting of cultured foetal pancreas tissue was 
attributable to the treatment of the donor tissue in 
culture, prior to transplantation. Thus, the gas phase and 
the duration of culture appear to play critical roles in 
modulating the irnrnunogenicity of foetal pancreas tissue. 
Organ culture was much more effective in conditioning 
isolated adult islets for allotransplantation than in the case 
of foetal pancreas. Only 7 days of culture in the same 
95% o2 , 5% co2 gas phase was necessary for successful allo-
transplantation of adult mouse islets. Thus, we confirmed the 
preliminary report by Bowen et al . (1980) that cyclophospha-
mide pretreatment of adult donors was not required as an 
adjunct to organ culture for the reduction of adult islet 
irnrnunogenicity. In contrast, Andersson and Buschard (1977) 
were unable to prolong the survival of allogeneic isolated 
adult islets following organ culture for 10 days in a 5% CO2 , 
95% air gas phase and transplantation to diabetic recipient 
mice. However, Andersson (1979) has reported some evidence 
indicating that the functional activity of islet allografts 
was improved by extending the culture period to 28 days. 
Lacy et al . (1979c) failed to show evidence of 
acceptance of allografts of isolated rat islets following 
organ culture for up to 28 days in a 5% co2 , 95 % air gas phase. 
Furthermore, Kedinger and colleagues (1977) were unable to re -
store normal non-fasting blood glucose levels in rats following 
allotransplantation of isolated adult islets cultured for 4 
days in a 5% co2 , 95% air gas phase. Taken together, these 
findings suggest that a high oxygen gas phase also plays an 
important role in reducing the immunogenicity of isolated 
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adult islets. This proposal is supported by the demonstration 
that the modulation of mouse thyroid immunogenicity by organ 
culture is an oxygen-dependent process (Talmage and Dart, 
1978; Talmage, 1980; Section 1.6.3). 
We have shown that the mechanism by which the organ 
culture procedure promoted the acceptance of allogeneic 
isolated adult islets was not attributable to the loss of 
tissue antigenicity. The rejection of 7 day-cultured adult 
islets, following donor-specific stimulation of the host's 
immune system at the time of transplantation, illustrated that 
the cultured tissue carried recognizable antigens. This 
conclusion is supported by the report by Lacy and colleagues 
(1979c) that 7 day-cultured rat islet allografts, which had 
survived following transplantation to ALS-treated recipients, 
were rejected following donor-specific immunization of the 
hosts. Indeed similar findings were reported for cultured 
thyroid allografts and xenografts in rodents (Lafferty et a l.~ 
1976b; Talmage et al .~ 1976; Sollinger et al .~ 1977; 
Section 1.6.3). The consistent rejection of a 
proportion of long-term cultured foetal pancreas allografts 
also suggests that prolonged culture does not modulate the 
antigenicity of foetal pancreas tissue. Nevertheless, our 
study has illustrated that the immunogenicity of pancreatic 
islet tissue can be modified by pretreatment in culture prior 
to allotransplantation. These findings reinforce the proposal 
that the effect of organ culture is to remove donor passenger 
leukocytes from the graft tissue before transplantation 
(Section 1 . 6 . 3). 
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Our comparative study of the effect of organ culture on 
the irnmunogenicity of pancreatic islet tissue indicates that 
foetal pancreas is highly irnmunogenic, much more highly 
irnmunogenic than isolated adult islets. Using immunosuppress-
ion of recipients as an approach to facilitating the 
acceptance of allografts of pancreatic islet tissue in rats, 
Garvey et al. (1979b) reported that the administration of 
Cyclosporin A (5 - 40 mg/kg/day) to diabetic rats did not 
significantly prolong the survival of allogeneic adult islets 
or foetal pancreas transplanted across the same major histo-
compatibility barrier. Indeed, both types of allografts were 
rejected by 13 to 15 days after transplantation. Since 
similar dosage regimens were effective in prolonging the 
survival of skin and kidney allografts in the same strain 
combination, they concluded that both sources of donor 
pancreatic islet tissue were highly immunogenic. 
Treatment of transplant recipients with cyclophosphamide, ALS, 
azathioprine, prednisolone or anti-donor antibody was subs-
tantially less effective in prolonging the survival of 
pancreatic islet tissue allografts than in the case of kidney 
allografts (Morris et al . 3 1980). Moreover, the absence 
of an effect of prolonged organ culture on promoting foetal 
pancreas allotransplantation was taken as an indication that 
foetal pancreas tissue may "lack" passenger leukocytes (Morris 
et al . 3 1980). Our findings argue against these conclusions 
and indicate that isolated adult mouse islets are much more 
weakly immunogenic than foetal mouse pancreas. 
We suggest that the greater imrnunogenicity of foetal 
pancreas may be attributable to the mass of primitive lymphoid 
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tissue which contaminates foetal pancreas explants (Section 
3.2.1). This lymphoid component essentially represents 
' an appendage of passenger leukocytes supplementing the 
population of blood cells carried within the tissue 
vasculature. The selective removal of this contaminating 
tissue by dissection was hindered by the fact that discrete 
lymphoid tissue could not be identified with the aid of a 
stereomicroscope. Unlike uncultured isografts (Section 
3.2.2), isografts of cultured foetal mouse pancreas did not 
develop discrete lymph node structures. This finding 
indicates that organ culture damaged the associated lymphoid 
compartment, thus supporting the premise that organ culture 
in a high oxygen gas phase can damage passenger leukocytes 
(Lafferty et al.~ 1976a, 1976b; Section 1.6.3). Even so, it 
is possible that residual lymphoid cells persisted and were 
sufficient to trigger allograft rejection. Indeed, Lane and 
co-workers (1975) demonstrated that dissociated rat foetuses 
and dissociated foetal skin cells at 19 days but not 15 days 
of gestation, expressed the capacity to stimulate allogeneic 
adult lymphocytes to proliferate in mixed cell cultures. These 
findings suggested that stimulator cell function developed 
late in gestation. The irnrnunogenic potency of foetal mouse 
pancreas at 17 days of gestation is consistent with this 
conclusion. 
Finke and colleagues (1979) have reported that 
preparations of adult rat islets contain small lymph nodes 
which represent a rich source of passenger leukocytes. However, 
careful selection of the islets by hand-picking, to avoid this 
source of lymphoid contamination, facilitated the allo-
transplantation of rat islets prepared from donors pretreated 
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with irradiation and silica (Lacy et al.~ 1979b). We have 
shown that organ culture alone for 7 days in a 95% o2 , 5% co2 
gas phase is sufficient pretreatment to prevent the rejection 
of hand-picked adult mouse islets transplanted across a major 
histocompatibility difference. This finding indicates that 
such isolated adult islets are weakly imrnunogenic. On the 
basis of these observations, it is likely that purification of 
islet preparations by hand-picking, and hence the removal of 
contaminating lymph nodes, represents a major step towards 
obtaining allotransplantable islets. 
Our findings illustrate that tissue-specific differences 
in immunogenicity exist and suggest that the phenomenon is 
related to the degree of contamination by lymphoreticular ele-
ments. Consequently, there is no general rule that defines the 
culture conditions required to facilitate allograft acceptance. 
Each tissue must be examined individually to determine the 
optimal culture conditions required to obtain successful 
allotransplantation. Our study has indicated that organ 
culture in a high oxygen gas phase is not as efficient in 
modulating the imrnunogenicity of foetal pancreas tissue as it 
is in the case of isolated adult islets. 
In the case of mouse thyroid, the effect of organ culture 
on allograft survival was potentiated by pretreatment of donor 
animals with 300 mg/kg cyclophosphamide on days -4 and -2 
prior to explantation of the donor tissue (Lafferty et al .~ 
1976a; Section 1.6.3). This effect of cyclophosphamide was 
attributed to its leukotoxic activity and hence to the capacity 
to destroy passenger leukocytes. However, donor pretreatment 
alone with cyclophosphamide resulted in only a modest increase 
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in thyroid allograft survival (Lafferty et al., 1976a; 
Section 1.6.3). The approach of donor pretreatment with 
agents that induce leukopenia is not suitable in the case of 
foetal donors; there is the practical problem of drug admin-
istration and the likelihood of drug toxicity. Nevertheless, 
Jonassen (1979) reported that pretreatment of monkey foetuses 
in utero with cyclophosphamide for 5 days followed by organ 
culture of foetal pancreas explants for 7 to 9 days did not 
prolong the survival of foetal pancreas allografts transplan-
ted either to siblings or to the maternal host. Garvey 
et al. (1980a) also demonstrated that cyclophosphamide 
pretreatment of pregnant rats 24 hours prior to removal of 
the foetuses had little effect in prolonging foetal pancreas 
allograft survival. 
Treatment of transplant recipients with antilymphocyte 
xenosera (ALS)has been investigated as an alternative option 
for prolonging foetal pancreas allograft survival. Morris and 
colleagues (1980) reported that short-term treatment of 
transplant recipients with ALS significantly prolonged the 
survival of foetal rat pancreas allografts in selected 
F1 +parent (P1 or P2 ) strain combinations. Using a similar 
schedule for ALS treatment, we were unable to demonstrate 
long-term islet survival in foetal mouse pancreas allografts. 
However, our data suggest that there was a synergistic effec t 
of organ culture and ALS treatment on prolonging islet 
survival in 10 day-cultured allografts. Lacy et al. (197 9a), 
working with isolated adult rat islets, demonstrated that 
organ culture in combination with ALS-treatment of transplant 
recipients indefinitely prolonged islet allograft survival. 
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Furthermore, they suggested that the ALS treatment may act not 
only to immunosuppress the transplant recipients temporarily 
but also to remove residual passenger leukocytes from the 
transplant tissue (Lacy et aZ.~ 1979c). Conversely, in our 
study, islet survival in 10 day-cultured foetal pancreas 
allografts was only temporarily prolonged; graft rejection 
was evident by 8 weeks post-transplantation. This finding 
suggested that the stimulatory capacity of 10 day-cultured 
foetal pancreas tissue persisted beyond the time of host 
recovery from ALS-induced immunosuppression. In relation to 
this point, our data indicate that ALS was not effective in 
further reducing the immunogenicity of foetal mouse pancreas 
cultured for up to 20 days in a 95% o2 , 5% co2 gas phase. 
The evidence presented in this chapter indicates that 
foetal mouse pancreas is highly immunogenic. We have proposed 
that this property is probably attributable to the mass of 
primitive lymphoid tissue which contaminates foetal pancreas 
explants. This associated lymphoid component offers some 
explanation for the difficulties in preventing allograft 
rejection either by means of organ culture or recipient 
immunosuppression. 
4.4 SUMMARY 
Organ culture for 20 days in a 95 % o2 , 5 % CO2 gas phase 
significantly improved the histological integrity of foetal 
pancreas allografts. At 12 weeks post-transplantation , 25 % of 
allografts consisting of six 20 day-cultured foetal pancreas 
segments showed no evidence of rejection. The organ culture 
procedure was much more effective in modulating the immuno-
genicity of isolated adult islets than in the case of the 
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foetal pancreas; only 7 days of culture in the same gas phase 
was necessary to obtain indefinite survival of allogeneic 
isolated adult mouse islets following transplantation across 
the same major histocompatibility barrier. We have proposed 
that the much higher immunogenicity of foetal pancreas tissue 
is probably related to the contamination of explants by 
primitive lymphoid tissue. 
Allografts consisting of six 20 day-cultured segments 
(tissue from two foetal pancreas donors), and transplanted 
beneath the kidney capsule, successfully reversed 
Streptozotocin-induced diabetes in a proportion of recipient 
mice. 
The survival of uncultured and cultured foetal pancreas 
allografts was not improved in the long-term by treatment of 
transplant recipients with ALS. 
In the following chapter (Chapter 5), we extend our 
investigation of the immunogenic component of foetal pancreas 
tissue. 
CHAPTER 5 
THE ISOLATION AND IMMUNOGENICITY OF 
FOETAL MOUSE PROISLETS 
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5.1 INTRODUCTION 
In the previous chapter, we presented evidence indicating 
that foetal pancreas is much more highly immunogenic than 
islets isolated from the adult pancreas. Whereas adult islets 
required only 7 days of organ culture in 95 % o2 , 5 % co2 for 
successful allotransplantation, 17 to 20 days of culture in the 
same gas phase were necessary to show evidence of acceptance 
of a proportion of foetal pancreas allografts. 
Our concept of tissue immunogenicity is based on the 
premise that passenger leukocytes present in transplant tissue 
are responsible for stimulating allograft rejection (Section 
1.6.l; Section 1.6.3). A corollary of this postulate is that 
reduction of tissue immunogenicity should accompany removal of 
the passenger leukocyte population prior to transplantation 
(Section 1.6.1). The success of the organ culture technique 
in modulating tissue immunogenicity has been explained in 
these terms (Section 1.6.3). Preparations of islets isolated 
from the adult pancreas by collagenase digestion are 
contaminated with very small lymph nodes which represent a 
rich source of leukocytes (Finke et al .~ 1979). However, we 
have demonstrated that clean adult mouse islets which have 
been handpicked to avoid lymphoid contaminants are weakly 
immunogenic (Section 4.2.3). 
The histological evidence which we presented in Chapter 3 
( Sec tion 3 . 2.1; Section 3.2.2) indicated that foetal mouse 
pancreas explants contain substantial quantities o f p r i mitive 
lymphoid tissue. This lymphoid tissue appears to be derived 
from the me sentery which surrounds the organ i n s itu 
(Section 3 . 3) . On the basis of our e arlier postulate , we 
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have proposed that this associated lymphoid component is 
responsible for the high immunogenicity of foetal pancreas 
tissue and for the limited success of the organ culture 
technique to facilitate allotransplantation (Section 4.3). An 
alternative explanation for the marked difference in the 
immunogenicity of foetal pancreas and isolated adult islets is 
that there exists an intrinsic difference between foetal and 
adult islets. 
The isolation of foetal islets has been demonstrated 
using the perinatal rat pancreas (Heinze and Steinke, 1971; 
Hellerstrom et al .~ 1979; Hegre e t al .~ 1981) and foetal 
human pancreas (Goldman and Colle, 1976) as donor tissue. 
However, information on the immunogenicity of isolated foetal 
islets has not been reported. We therefore set out to 
investigate whether foetal islets could be isolated from mouse 
foetal pancreas and associated primitive lymphoid components. 
In this chapter we describe the isolation and properties 
of a new entity, the foetal 'proislet'. We investigate the 
capacity of 'proislets' to differentiate into islets and we 
document their histological and functional properties 
following isotransplantation. Finally we examine whether 
isolated foetal mouse proislets are more or less immunogenic 
than uncultured and 10 day-cultured foetal pancreas tissue. 
5.2 RESULTS 
5.2.1 Digestion of mouse foetal pancreas 
Our first aim was to determine whether foetal islets 
could be isolated from mouse foetal pancreas. Foetal 
pancreases were subj ected to a brief col lagenase digestion 
(Section 2.4) and the digested tissue was cultured in a 5% CO2 , 
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95% air gas phase. A 95% o2 , 5% co2 atmosphere was not used 
in this instance because experience with adult islets has 
indicated that a high oxygen gas phase is toxic for single 
isolated islets (Lacy et al., 1979a; Bowen et al ., 1980). 
At various time intervals, cultured tissue samples were 
taken for histological analysis. Histological examination of 
freshly digested (0 day-cultured) BALB/c foetal pancreas 
demonstrated that the digest consisted predominantly of 
differentiated acinar tissue, considerably disrupted after 
collagenase treatment, and a small amount of undifferentiated 
tissue (Fig. 5.1). After 2 days in culture, only remnants of 
acinar tissue remained and by 4 days essentially all acinar 
tissue had completely disappeared. The 4 day-cultured digest 
contained some single cells but consisted mainly of discrete 
ovoid tissue pieces containing undifferentiated cells, some 
duct-like epithelial components, connective tissue, and 
occasionally peripheral regions of cellular organization which 
resembled endocrine tissue (Fig. 5.2). Evidence for cellular 
proliferation was provided by the presence of mitotic figures 
in some sections. On the basis of the evidence to be presented 
in this chapter, we have called these units of undifferentiated 
tissue 'proislets'. Although no further in vitro maturation of 
'proislets' into histologically identifiable islets was 
observed after prolonged culture (up to 21 days), peripheral 
regions of some 'proislets' showed evidence of further 
differentiation. However, at no stage did isolated 'proislets' 
stain to any significant extent with aldehyde fuchsin. 
• 
. .. ~ 
Figure 5.1 Uncultured BALB/c foetal pancreas digest. Note 
disrupted acinar tissue (A) and small amount of 
undifferentiated tissue (U). Haematoxylin and eosin, 
X 383. 
Figure 5.2 Proislets isolated from 4 day-cultured BALB/c 
foetal pancreas digest. Panel (a) shows proislet (P) 
containing columnar epithelium (E), undifferentiated 
tissue (U) and small region of differentiating tissue (D). 
Haematoxylin and eosin, x 335. Panel (b) shows several 
proislets (P) composed of undifferentiated tissue. 
Haematoxylin and eosin, x 335. 
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5.2.2 Isotransplantation of foetal mouse 'proislets' 
To examine the capacity of foetal 'proislets' to develop 
into fully differentiated islets, isolated BALB/c 'proislets' 
were transplanted under the kidney capsule of normal iso-
geneic recipient mice. At 2, 4 and 12 weeks post-
transplantation, groups of mice were sacrificed and the 
isografts were taken for histological analysis. 
Table 5.1 shows that seven of seven isografts taken at 
2, 4 and 12 weeks after transplantation contained well 
vascularized, differentiated islets (Fig. 5.3). The islet 
tissue stained positively with aldehyde fuchsin, indicating 
that granulated B cells were present. In addition, some 
duct epithelium, a small amount of undifferentiated tissue and 
occasionally a few mononuclear cells were identified. 
Thus, 'proislets' are so called because following 
isotransplantation they differentiate into histologically-
recognizable islets. It is apparent that in vitro proislets 
represent precursor islet tissue. 
5. 2. 3 Function of proislet isografts 
In view of the islet development which occurred following 
proislet transplantation, we investigated the capacity of 
proislet isografts to reverse Streptozotocin-induced diabetes. 
Proislets harvested from 8 foetal BALB/c pancreases were 
transplanted in 4 plasma clots (Section 2.10) under the kidney 
capsule of diabetic, isogeneic mice. The group contained a 
total of 5 transplant recipients and the mice were maintained 
daily with 0 .8 units of Ultralente insulin for 22-24 days 
after transplantation (see Section 2 . 17) . 
TABLE 5 .1 
Histological assessment of foetal proislet isograftsa 
Time post-
transplant 
(weeks) 
2 
4 
12 
Total No. 
grafts 
7 
7 
7 
No. grafts 
showing 
differentiated 
islets 
7 
7 
7 
% grafts 
showing 
islet 
development 
100 
100 
100 
a . Isografts consisted of proislets harvested from two BALB/c 
foetal pancreases (Section 2.10). 
Figure 5.3 Isograft of BALB/c proislets 4 weeks after 
transplantation under the kidney capsule of a BALB/c 
recipient mouse. Note the presence of well differentiated, 
aldehyde fuchsin-positive islets (I) and a small amount of 
undifferentiated tissue (U). Aldehyde fuchsin, x 408. 
11 6 
Figure 5.4(a) shows that foetal mouse proislets can 
reverse Streptozotocin-induced diabetes and return blood 
glucose levels to within the normal range by as early as 
36-39 days after transplantation. There was considerable 
variation in the functional response of proislet isografts; 
in some mice, normoglycaemia was not reached until 197-286 
days after transplantation. Graft function was accompanied 
by a steady increase in body weight. In addition, aglycosuria 
was restored in two of the four mice in which normoglycaemia 
was re-established (Table 5.2). The urine glucose output of 
the other two animals remained just outside the normal range. 
Nevertheless, these levels were approximately 3 orders of 
magnitude lower than for control diabetic mice. Surgical 
removal of the graft-bearing kidney confirmed that maintenance 
of normoglycaemia had been graft-dependent. The return 
to a diabetic state was accompanied by a rapid loss in body 
weight. Histological examination of these grafts showed the 
presence of massive, well differentiated islets (Fig. 5.5). 
Figure 5.4(b) shows that in one mouse, the blood glucose 
levels fluctuated within the hyperglycaemic range for 380 days, 
at which point the study was terminated. The marked 
increase in body weight which occurred early after transplant-
ation suggests that this proislet isograft conveyed at leas t 
some beneficial effect. Macroscopic examination of the g r aft 
at 380 days post-transplantation revealed a small number of 
well-vascularized islets. Thus, it appeared that the number 
of proislets grafted had been insufficient to achieve c omplete 
control of blood glucose levels within the observa t i on period. 
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Figure 5.4 Non-fasting blood glucose levels (open symbols) 
and body weight (closed symbols) of diabetic BALB/c mice 
following isotransplantation of proislets isolated from 8 
foetal pancreases, under the kidney capsule. The shaded 
region represents the 95 % probability interval for the n on -
fasting blood glucose levels of normal BALB/c mice. Graft s 
were removed by excision of the graft -bearing kidney. 
Panels (a) and (b) show the data for three and two 
transplant recipients respe ctive ly. 
TABLE 5.2 
Urine glucose output of diabetic BALB/c mice following 
isotransplantation of isolated proisletsa 
Mouse 
Code 
(1) 
(2) 
( 3 ) 
( 4 ) 
Time post-
transplant 
( days) 
-4 
124 
139 
143 
-4 
124 
139 
143 
-3 
207 
221 
287 
315 
-16 
296 
318 
324 
. l b Urine g ucose 
(mmoles/24 hr) 
11.97 
0.00 
0.00 
0.00 
9.45 
0.29 
0.04 
0.01 
6.64 
0.22 
0.01 
0.01 
0.00 
5.18 
0.00 
0.02 
0.03 
a . The table contains data for the 4 transplant recipients 
which became normoglycaemic. 
b . Urine glucose output for normal BALB/c mice was 0.00 mmoles 
glucose/24 hours; urine glucose levels for control 
diabetic BALB/c mice were > 9.38 mmoles glucose/24 hours 
(Section 2 . 18). 
Figure 5.5 Isograft of BALB/c proislets harvested from eight 
foetal pancreases, at 334 days after transplantation 
beneath the kidney capsule of a diabetic BALB/c recipient 
mouse. Note massive, well differentiated islets with 
S cell granulation. Aldehyde fuchsin, x 161. 
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This study demonstrated that isografts of foetal mouse 
proislets can reverse Streptozotocin-induced diabetes. 
Furthermore, these findings are consistent with the 
histological data which indicate that,following transplant-
ation, proislets develop into differentiated islets with 
granulated B cells. 
5. 2. 4 Allotransplantation of isolated proislets 
To assess the irnrnunogenicity of foetal mouse proislets, 
BALB/c proislets were transplanted under the kidney capsule 
of normal allogeneic CBA recipients. The integrity of 
proislet allografts was examined histologically at 2, 4 and 
12 weeks post-transplantation. The criteria for allograft 
survival were the absence of infiltrating mononuclear cells 
at the graft site and the presence of intact islets. The 
survival of proislet allografts was compared to that of 
uncultured and 10 day-cultured foetal pancreas allografts 
transplanted across the same major histocompatibility barrier. 
Table 5.3 shows that six of nine, and five of nine 
proislet allografts at 2 and 4 weeks after transplantation 
respectively showed no evidence of rejection. Histologically, 
surviving allografts showed no mononuclear cell infiltration 
and contained intact, differentiated islet tissue with 
granulated B cells (Fig. 5.6(a)). Occasionally duct 
epithelium and a small amount of undifferentiated tissue was 
also observed. The remaining allografts showed obvious signs 
of rejection; histological examination revealed that two of 
nine grafts at 2 weeks post-transplantation contained a mono-
nuclear cell infiltrate and some damaged islet tissue (Fig. 
5.6(b)). One of nine and three of nine proislet allografts at 
TABLE 5.3 
Survival of proislet and foetal pancreas allografts 
a Allograft 
Isolated 
proislets 
10 day-
cultured 
foetal 
pancreas 
Uncultured 
foetal 
pancreas 
Time post- Total No. 
transplant grafts 
(weeks) examined 
2 
4 
12 
2 
2 
9 
9 
10 
16 
9 
No. grafts with b 
histological score 
++++ +++ ++ + 0 
1d ~e 1 
_g 
_f 
2 1 
3 1 
4 4 
5 11 
9 
% grafts 
. . C 
surviving 
67 
56 
10 
0 
0 
a. Allografts consisted of proislets harvested from two foetal 
pancreases, six foetal pancreas segments cultured for 10 
days in 95% o2 , 5% co2 or one uncultured foetal pancreas. 
b . Histological score key: 
d . 
e . 
f . 
g . 
++++ Intact islets without mononuclear cell infiltra-
tion at the graft site. 
+++ Intact islets with mononuclear cell infiltration 
at the graft site but no infiltration into i sle ts. 
++ Mononuclear cell infiltration and damaged islet 
tissue present. 
+ Mononuclear cell infiltration and scar tissue ~ 
0 Fibrotic scar tissue without mononuclear cell 
infiltration. 
Criteria for allograft survival were the presen ce of 
intact islets and the absence of mononuclear ce l l 
infiltration at the graft site. 
p 0.0348 (Exact probability test; Swinscow, 1980b) . 
p 0.0991 (Exact probability test; Swinscow, 1980b). 
p 
- 0.0090 (Exact probability test; Swinscow, 1980b) . 
p 
- 0.0009 (Exact probabil i t y t es t; Swinscow, 1980b). 
(a) 
(l:,) 
Figure 5.6 (a) Allograft of BALB/c (H-2d) proislets 4 weeks 
after transplantation under the kidney capsule of a 
CBA (H-2k) recipient. Note the development of intact 
differentiated islets with granulated S cells, and absence 
of any rejection response. Aldehyde fuchsin, x 162. 
(b) Allograft of BALB/c proislets 2 weeks after trans-
plantation beneath the kidney capsule of a CBA recipient 
mouse. Note mononuclear cell infiltration and remnants of 
damaged islet tissue. Haematoxylin and eosin, x 158. 
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2 and 4 weeks post-transplantation, respectively, showed 
mononuclear cell infiltration, scar tissue and no evidence of 
islet tissue. The remaining allograft at 4 weeks post-
transplantation contained only a few mononuclear cells and 
consisted mainly of fibrotic scar tissue. At 12 weeks post-
transplantation, one of ten proislet allografts contained 
intact, well developed islet tissue and showed no mononuclear 
cell infiltration (Fig. 5.7). Another allograft contained 
intact islets in the presence of a mild mononuclear cell 
infiltrate. However, there was no evidence of cellular 
infiltration into the islets (Fig. 5.8(b)). Macroscopically, 
this graft was well vascularized and islet development was 
evident (Fig. 5.8(a)). Four of the ten proislet grafts were 
completely rejected; no islet tissue was identified and only 
scar tissue and a light mononuclear cell infiltrate remained 
at the site of transplantation. The remaining grafts predomin-
antly consisted of scar tissue and a few mononuclear cells. It 
is unlikely that technical failure contributed to this latter 
result since all proislet isografts contained differentiated 
islet tissue (Section 5.2.2). On this basis, we suggest that 
such allografts were probably rejected early in the post-
transplant period. Statistical analyses showed that the 
proportion of proislet allografts surviving at 12 weeks was 
significantly lower than the survival of allografts at 2 weeks 
post-transplantation (P = 0.0348). However, there was no 
significant difference at the 5% level between the survival of 
proislet allografts at 4 and 12 weeks after transplantation 
(P = 0.0991). It is possible, therefore, that some proislet 
allografts undergo chronic rejection. 
Figure 5.7 Allograft of BALB/c proislets 12 weeks post-
transplantation under the kidney capsule of a CBA recipient 
mouse. Note the presence of intact, well differentiated 
islet tissue and lack of mononuclear cell infiltration. 
Haematoxylin and eosin, x 163. 
(ll) 
Figure 5.8 (a) Macroscopic appearance of BALB/c proislets 
12 weeks after allotransplantation under the kidney capsule 
of a CBA recipient mouse. Note prominent revascularization 
and islet development. Magnification, x 152. (b) Histo-
logical section through the proislet allograft shown above 
(a). Note the well differentiated islet tissue and 
presence of some mononuclear cells which do not invade the 
islet tissue. Haematoxylin and eos1n, x 412. 
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At 2 weeks post-transplantation, the survival of proislet 
allografts was significantly better than for uncultured and 
10 day-cultured foetal pancreas allografts (P = 0.0090; 
P = 0.0009, respectively). All uncultured and 10 day-cultured 
foetal pancreas allografts were acutely rejected (Table 5.3). 
The histological appearance of these grafts was described in 
Chapter 4 (Section 4.2.l; Section 4.2.4, respectively). 
These findings demonstrate that in contrast to unculture d 
and 10 day-cultured foetal pancreas allografts which are rap i d-
ly rejected, a proportion of proislet allografts show prol onge d 
survival following transplantation across the same major 
histocompatibility barrier. The data indicate that isolated 
foetal mouse proislets are substantially less immunogenic t h an 
uncultured and 10 day-cultured foetal pancreas tissue. 
5.3 DISCUSSION 
Foetal islets have previously been isolated from ra t 
foetal pancreas by the following procedures: collagenase 
digestion (Heinze and Steinke, 1971), collagenase digestion in 
combination with organ culture (Hellerstrom et al . ~ 1979 ) , and 
by organ culture alone (Hegre et a l .~ 1981). Using a 
digestion procedure based on the method of Hellerstrom et al . 
(1979), we were unable to isolate fo e tal mouse i slets. 
Instead, we isolated proislets from the foetal mouse pancreas. 
Unlike isolated foetal rat islets, iso lated mouse proisle t s 
appear to represent i slet precursors which cont inue to devel op 
into fully different i a ted isle ts with granulated B cells only 
after transplantation . One possi b l e e xplanation for the 
differe nce observe d betwe e n t hese studie s is t he gestation a ge 
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of the donor foetuses. In our study foetal pancreases were 
taken at an earlier age (17 days of gestation); rat foetuses 
at 21-21.5 days of gestation were used as donors of foetal 
islets (Heinze and Steinke, 1971; Hellerstrom et al.~ 1979; 
Hegre et al.~ 1981). Hence in our donor tissue, islet 
development was likely to be less advanced. Our histological 
evidence for the isolation of foetal islet precursors is 
supported by the finding that isografts of proislets can 
reverse experimentally-induced diabetes in recipient mice. 
The variation observed in the function of proislet iso-
grafts is likely to be related to the variability in the yield 
of proislets isolated from different digests. The diabetic 
mice which became normoglycaemic within 40 days following 
isotransplantation received proislets derived from the same 
digest. The remaining transplanted mice each received 
different preparations of proislets. Thus it is possible 
that, with these mice, the grafts contained fewer proisletso 
In two of these recipients, normoglycaemia was not established 
until approximately 200-300 days after transplantation. 
This considerable delay in the appearance of 
graft function resembles the functional response of 20 day-
cultured foetal pancreas isografts (Section 3.2.6). Together 
these findings illustrate the growth potential of primitive 
foetal islet tissue. Indeed, the presence of duct epithelium 
in some proislets and the administration of insulin to 
transplant recipients may influence the growth capacity of 
foetal islet precursor tissue following transplantation (see 
Section 3 . 3). It is likely that in the one transplant 
recipient which remained hyperglycaemic, insufficient numbers 
of proislets were grafted . Nevertheless, we cannot exclude 
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the possibility that endocrine function may have continued to 
develop if this graft had remained in situ. 
Hegre and colleagues (1979) have reported that isografts 
of dispersed foetal rat pancreas (17.5 days of gestation) do 
not function as efficiently as whole foetal pancreas isografts, 
in reversing diabetes. For dispersed preparations, foetal 
pancreases were minced and then subjected to enzymatic and 
mechanical dissociation; the tissue was promptly transplanted 
without culture. To explain this difference, they suggested 
that some foetal islet tissue was lost or damaged 
during the dissociation procedure. However, it should be 
noted that the different site of transplantation used for the 
dispersed tissue may also have influenced the functional 
response of these grafts. Other groups working with neonatal 
rat pancreas have reported evidence for a significant loss of 
islet tissue following mincing of the tissue and collagenase 
digestion (Leonard et al .~ 1973; Matas et al .~ 1976). Matas 
and co-workers (1976) described the recovery of only 27% of 
the original tissue insulin after such treatment. On the 
basis of these reports, it is possible that in our study 
precursor islet tissue was damaged during the isolation 
procedure. The quantity of viable tissue lost in this manner 
could subsequently contribute to variation in proislet yield. 
A significant finding which emerged from this study was 
that isolated foetal mouse proislets are not highly irnrnuno-
genic and are substantially less imrnunogenic than uncultured 
and 10 day-cultured foetal pancreas. In contrast to 
uncultured and 10 day-cultured foetal pancreas allografts 
which were acutely rejected, a proportion of proislet 
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allografts showed evidence of prolonged survival 
following transplantation across the same major histocompat-
ibility barrier. It is apparent, therefore, that the greater 
imrnunogenicity of foetal pancreas, compared to adult islets 
(Section 4.2.3), is not attributable to the intrinsic 1mmuno-
genicity of foetal islet precursor tissue pe r se, but to some 
other component of the foetal pancreas. This finding is 
consistent with our earlier proposal that the imrnunogenicity 
of foetal mouse pancreas is probably due to the mass of primi-
tive lymphoid tissue which is found associated with foetal 
pancreas explants (see Section 4.3). This lymphoid component 
represents an appendage of passenger leukocytes which is co-
transplanted. Although organ culture of foetal pancreas in a 
high oxygen gas phase substantially damages this lymphoid 
tissue, residual lymphoid elements are probably responsible 
for stimulating the acute rejection of 10 day-cultured foetal 
pancreas allografts (see Section 4.3). Thus, the isolation of 
proislets appears to represent an effective method for the 
separation of precursor islet tissue from mouse foetal 
pancreas and associated lymphoid components. 
The isolation of foetal proislets represents a major 
advance in the methodology of reducing the imrnunogenicity of 
foetal pancreas by treatment in vitro before transplanta-
tion. However, it is evident that the capacity to stimulate 
allograft rejection has not been completely obliterated . It 
is likely that short-term organ culture of clusters of pro-
islets in a high oxygen gas phase would be effective in 
removing residual tissue imrnunogenicity. Faustman et al . 
(1981) have recently shown that treatment of uncultured 
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isolated adult mouse islets with antiserum directed against 
donor-specific class II alloantigens, together with complement, 
prior to transplantation can indefinitely prolong allograft 
survival. This finding supports our postulate that passenger 
leukocytes and not transplantation antigens carried on graft 
parenchymal cells, are responsible for stimulating allograft 
rejection (Section l.6ol; Section 7.1). This procedure 
therefore represents an alternative approach to the 
elimination of residual proislet immunogenicity. 
5.4 SUMMARY 
In this chapter we describe a procedure for isolating 
proislets from mouse foetal pancreas. Histologically, 
isolated proislets are composed of undifferentiated tissue 
which does not stain with aldehyde fuchsin. Following iso-
transplantation proislets develop into well differentiated 
islets with S cell granulation. Thus, proislets appear to 
represent foetal precursor islet tissue. 
Isografts consisting of proislets harvested from 8 foetal 
mouse pancreases can reverse Streptozotocin-induced diabetes 
in recipient mice. 
Isolated proislets are weakly immunogenic and therefore 
differ significantly from the high immunogenicity of 
uncultured and 10 day-cultured foetal mouse pancreas. In 
contrast to uncultured and 10 day-cultured foetal pancreas 
allografts which are acutely rejected, a proportion of 
proislet allografts show no evidence of rejection up to 12 
weeks post-transplantation. 
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It is apparent that the isolation of proislets 
represents an effective method for separating precursor islet 
tissue from foetal pancreas and its associated lymphoid 
component. 
CHAPTER 6 
A COMPARATIVE STUDY OF ALLOGRAFT IMNUNOGENICITY 
ACROSS A MINOR HISTOCOMPATIBILITY BARRIER 
12 5 
6.1 INTRODUCTION 
It is evident from the preceding chapters of this thesis 
that pancreatic islet grafts obtained from different sources 
or prepared for transplantation by different procedures show 
a marked disparity in immunogenic strength; the foetal mouse 
pancreas is much more highly immunogenic than either isolated 
adult islets or isolated foetal proislets when grafted across 
the same major histocompatibility barrier. We have attributed 
the high immunogenicity of foetal pancreas to the primitive 
lymphoid tissue which contaminates foetal pancreas explants 
(Chapter 4). On this basis, we propose that tissue-specific 
effects could result from differences in the quantity of 
passenger leukocytes carried within the transplant tissue. 
The concept of tissue-specific differences in immuno-
genicity arose in the 1950s from comparative studies of the 
survival of various tissue grafts. In particular, rat ovary 
(Billingham and Parkes, 1955) and parathyroid (Russell and 
Gittes, 1959) were shown to survive for much longer periods 
than skin. However, the use of only partially inbred rat 
strains left these findings open to criticism. Subsequently , 
Calne and colleagues (1969) demonstrated that skin and kidney 
allografts were substantially more immunogenic than liver 
allografts transplanted between genetically undefined pig 
populations. Using inbred mouse strains which differed at a 
point mutation in the H-2 complex, Isakov et al . (1979) showed 
that heart and thyroid allografts were much less immunogenic 
than corresponding skin grafts. The prolonged survival of 
liver allografts in pigs and allogeneic heart and thyroid 
tissues in mice was explained by their capacity to induce the 
production of enhancing antibodies (Calne et al . ~ 1969) and by 
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the absence of donor-specific class II alloantigens (Isakov 
et al .~ 1979) respectively. 
Early reports by Billingham and Silvers (1964) suggested 
that donor age was an important factor in determining allo-
graft survival. They demonstrated that foetal skin 
allotransplanted to Syrian hamsters survived longer than adult 
skin. On this basis, the authors suggested that foetal 
tissues were immunologically "inferior" to corresponding adult 
grafts. Similarly, Heslop (1969) reported that foetal 
and neonatal skin allografts survived slightly longer 
than adult skin grafts transplanted across the same maJor 
histocompatibility barrier. Indeed these findings probably 
influenced the one-time popular prediction that foetal 
pancreas would be less immunogenic than adult islet tissue 
(Brown et al .~ 1976; Garvey et al .~ 1979a; Mullen and 
Shintaku, 1980; Valente et al .~ 1980; Groth et al .~ 1980). 
We have demonstrated that this is not the case. The foetal 
mouse pancreas is highly immunogenic, much more immunogenic 
than isolated adult islets (Chapter 4) and isolated foetal 
proislets (Chapter 5). Thus, donor age per se is not a 
determining factor in the survival of pancreatic islet tissue 
allografts. 
Other studies have indicated that tissue-specific 
differences in immunogenicity are most pronounced in the case 
of transplantation across "weak" or minor histocompatibility 
barriers (Section 1.3; Barker and Billingham, 1970). Studies 
by Linder (1961) demonstrated that mouse ovary was much less 
imrnunogenic than skin allografts transplanted across the same 
minor histocompatibility barrier; whereas ovary allografts 
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survived indefinitely ( > 150 days), skin allografts were 
promptly rejected in 21-46 days. Similarly, anastomosed, 
auxiliary neonatal rat hearts (Barker and Billingham, 1971; 
Warren et al . ., 1973), adult rat kidney (White and Hildemann, 1968) 
and parathyroid (Naji and Barker, 1976) have been shown in 
some minor histoincompatible strain combinations to survive 
indefinitely; in contrast, skin allografts were acutely 
rejected. This apparent dichotomy in tissue immunogenicity 
was initially attributed to differences in the vulnerability to 
immune processes and/or to differences in tissue antigenicity 
(White and Hildemann, 1968). However, subsequent investiga-
tions revealed that the lymphatic drainage of the 
transplant site (Naji and Barker, 1976) and the vascular 
integrity of the graft tissue (Warren et al . ., 1973) can play 
important roles in determining allograft survival. Nevertheless, 
a number of tissue-specific antigens have been demonstrated 
(Snell, 1971). In particular, reports of skin-specific 
differentiation (Sk) antigens (Boyse e t al . ., 1970; Sche id 
et al . ., 1972) have rendered it necessary to distinguish 
between tissue-specific antigenicity and immunogenicity when 
carrying out comparative studies of tissue allograft survival. 
An effect of donor age on skin graft survival has also 
been demonstrated following transplantation across minor 
histocompatibility barriers in both mice (Haskov~ and Hinzova, 
1966; Silvers, 1968; Wachtel and Silvers, 1971) and rats 
(Heslop, 1969) . In particular, it has been shown that in 
contrast to the acute rejection of adult skin grafts, neonatal 
skin allografts often survived indefinitely ( > 100 days). This 
prolonged survival has been attr ibuted to the proliferative 
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capacity of perinatal tissues and their peculiar ability to 
induce tolerance (Haskova and Hinzova, 1966; Silvers, 1968; 
Heslop, 1969; Wachtel and Silvers, 1971). 
In this chapter, we test the hypothesis that tissue-
specific differences in immunogenicity are related to the 
extent of contamination of transplant tissue by passenger 
leukocytes and fixed lymphoreticular elements. We examine the 
relative immunogenicity of murine foetal pancreas, isolated 
adult islets and isolated foetal proislets transplanted across 
the same minor histocompatibility barrier. In addition, the 
comparative study is expanded to include allografts of mouse 
thyroid and skin carrying the same non-H-2 histocompatibility 
differences. We have selected the BALB/c (donor) and DBA/2 
(recipient) strain combination for our investigation. These 
mouse strains are H-2 compatible (H-2d) but differ in at least 
four known non-H-2 histocompatibility loci: H-1, H-7, H-8 and 
H-13 (Graff, 1970). 
6. 2 RESULTS 
6. 2. 1 Transplantation of pancreatic islet tissue across 
a minor histocompatibility barrier 
Table 6.1 shows that allografts of a single uncultured 
foetal pancreas, transplanted across a minor histocompata-
bility difference, were acutely rejected. By 4 weeks post-
transplantation, all 6 grafts consisted of scar tissue with 
some light mononuclear cell infiltration; there was no 
evidence of pancreatic islet tissue remaining. In contrast, 
six of eleven allografts composed of six 20 day-cultured 
foetal pancreas segments showed no signs of rejection at 4 
TABLE 6. l 
Survival of BALB/c pancreatic islet allografts following 
transplantation to DBA/2 recipients 
Allograft Treatment Total No. No. grafts with b % grafts 
. . C 
grafts a histological score surviving 
++++ +++ ++ + 0 
Foetal Uncultured 6 d., e., f 6 0 pancreas 
20 day- 11 6d 2 1 1 1 55 
cultured 
Pro islets 11 lO e 1 91 
Isolated Un cul tu red 5 4f 1 80 
adult 
islets 7 day- 6 6 100 
cultured 
a . Grafts were examined at 4 weeks post-transplantation. 
b . Histological score key: 
++++ Intact islets without mononuclear cell infiltration 
at the graft site. 
+++ Intact islets with mononuclear cell infiltration at 
the graft site but no infiltration into islets. 
++ Mononuclear cell infiltration and damaged islet 
tissue present. 
+ Mononuclear cell infiltration and scar tissue. 
0 Fibrotic scar tissue or necrotic tissue without 
mononuclear cell infiltration. 
c . Criteria for graft survival were the presence of intact 
islets and the absence of mononuclear cell infiltration at 
the graft site. 
d . P =0 . 0746 (Exact probability test; Swinscow, 1980b). 
e . P =0 . 0012 (Exact probability test; Swinscow, 1980b). 
f . P = 0 . 0303 (Exact probability test ; Swinscow, 1980b). 
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weeks after transplantation. These grafts contained intact, 
well differentiated islets and some fibrotic connective tissue. 
There was no evidence of mononuclear cell infiltration. Two 
of the remaining grafts showed well developed islets in the 
presence of a light mononuclear cell infiltrate which did not 
penetrate the islet tissue. One graft consisted mainly of 
fibrotic connective tissue and a few islet remnants. It is 
likely that the lack of islet survival in this instance was 
due to technical failure (Section 4.2.4). The remaining 
grafts showed obvious signs of on-going or complete rejection. 
Although statistical tests showed that the survival (as 
defined in Table 6.1) of 20 day-cultured allografts was not 
significantly different, at the 5% level, to uncultured foetal 
pancreas allografts (P = 0.0746), analysis of the range of 
histological scores revealed that there was a significant 
effect of organ culture on allograft integrity; eight of 
eleven 20 day-cultured allografts scored better than the total 
group of six uncultured allografts (P = 0.0045; Exact 
probability test; Swinscow, 1980b). 
Allografts of foetal proislets harvested from two foetal 
pancreases showed no evidence of rejection at 4 weeks. Ten of 
eleven grafts contained intact, well developed islets and no 
mononuclear cell infiltration at the graft site. The remain-
ing graft showed only remnants of islet tissue, but no 
cellular infiltrate. It is possible, therefore, that this 
graft was a technical failure. From a statistical standpoint, 
the survival of proislet allografts was significantly better 
than uncultured foetal pancreas allografts (P = 0.0012). 
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At 4 weeks post-transplantation, four of five allografts 
of a single cluster of uncultured isolated adult islets 
(Section 2.11) consisted of a mass of intact islet tissue 
without mononuclear cell infiltration. The remaining graft 
showed signs of rejection. There was no significant difference 
in the survival of uncultured and 7 day-cultured allografts of 
isolated adult islets; each of six allografts of a 7 day-
cultured cluster of adult islets (Section 2.6) consisted of 
intact islet tissue and showed no evidence of rejection. 
Statistical analysis showed that the survival of allo-
grafts of uncultured isolated adult islets was significantly 
better than for uncultured foetal pancreas allografts (P = 
0.0303) transplanted across the same minor histocompatibility 
barrier. 
Thus, uncultured foetal mouse pancreas allografts carry-
ing multiple minor histocompatibility differences were more 
highly immunogenic than corresponding untreated allografts of 
isolated adult islets. In addition, foetal proislets were 
significantly less irnrnunogenic than uncultured foetal pancreas. 
Organ culture for 20 days in a 95 % o2 , 5% co2 gas phase 
significantly improved the histological integrity of foetal 
pancreas allografts transplanted across the same minor 
histocompatibility barrier. 
6.2.2 Survival of full-thickness orthotopic skin grafts 
Table 6 . 2 shows that BALB/c orthotopic skin grafts were 
acutely rejected following transplantation across a minor 
histocompatibility barrier to DBA/2 recipient mice. Seven of 
nine skin allografts were rejected in 11-13 days. One of the 
remaining transplant recipients died on day 11 from an 
TABLE 6. 2 
Survival of BALB/c full-thickness orthotopic skin grafts 
Recipient 
strain 
DBA/2 
BALB/c 
Total No. 
grafts 
9 
5 
. l a Graft surviva 
(days) 
b 11, >11 , 13, 13, 13, 
13, 13, 13, >13C 
>435, >477, >477, 
>477, >477 
% grafts 
surviving 
0 
100 
a . Skin graft survival was assessed by macroscopic 
appearance. Criteria for endpoint of graft survival 
were complete dehydration and scabbing of the epidermi s. 
b ., See text (Section 6.2.2). 
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anaesthetic overdose. Histological examination of the skin 
graft showed necrosis of the graft epithelium and the presence 
of a moderate to heavy mononuclear cell infiltrate in the 
underlying dermis (Fig. 6.1). These findings suggested that 
the allograft was in the process of being rejected. The 
remaining skin graft showed signs of partial dehydration on 
day 13. At 39 days after transplantation, only a small scab 
remained at the graft site. This finding indicated that the 
graft had been rejected at~ 39 days after transplantation. 
All five BALB/c skin isografts survived indefinitely (see 
Section 2.14). 
Thus, the non-H-2 incompatible skin allografts were 
highly irnrnunogenic. This finding confirms the early report 
by Prehn and Main (1954) that BALB/c skin grafts were readily 
rejected by DBA/2 recipient mice. They observed graft 
rejection by 18-42 days after transplantation. The discrepancy 
in the graft survival times obtained between the latte r 
study and our own findings can probably be attributed to t he 
different criteria used for the endpoint of graft survival 
( Table 6. 2 ). Prehn and Main ( 19 5 4) chose total dislodgement of the 
escharified graft from the host bed as their criterion for 
rejection. 
6. 2. 3 Function of thyroid allografts followin g 
transplantation to naive and sensitize d r ecipients 
We set out to determine whether ti s sue-spe c i fic 
diffe r e nces in immunogenicit y followin g transpl an tat ion across 
a minor histocompatibility barrie r we re related to differences 
in tissue antigenici ty . 
Figure 6.1 Histological appearance of an orthotopic BALB/c 
skin allograft, 13 days after transplantation to a DBA/2 
recipient mouse. Note necrotic epidermis (E) and mono-
nuclear cell infiltration in dermis (D). Haematoxylin 
and eosin, x 172. 
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Table 6.3 shows the proportion of BALB/c thyroid allo-
grafts which functioned following transplantation to naive 
DBA/2 recipient mice. Twenty-five of twenty-seven uncultured 
thyroid allografts functioned for~ 45 days (Section 2.21). 
125 The remaining two grafts failed to concentrate I on two 
consecutive occasions. At 32 days after transplantation, the 
two mice bearing non-functional grafts were sacrificed and the 
thyroid transplants were taken for histological examination. 
Both allografts contained a heavy mononuclear cell infiltrate 
with some intact follicles still remaining. This histological 
picture indicated that both grafts were succumbing to a 
rejection reaction. Of the twenty-five functioning allografts, 
twenty-three remained functional for > 100 days (Fig. 6.2); 
the hosts of the other two functional grafts died at 55-56 
days post-transplantation. Thus, good functional survival of 
thyroid allografts was observed without the need for 
conditioning of the graft tissue before transplantation. 
Indeed, there was no significant difference between the 
survival of uncultured and cultured thyroid allografts carry-
ing the same minor histocompatibility differences. It should 
be noted that cultured thyroid allografts were prepared from 
cyclophosphamide-pretreated donors (Section 2.7). Each of 
nineteen 21 day-cultured thyroid allografts functioned for 
> 45 days. Of these, eighteen grafts remained functiona l fo r 
> 100 days; the host carrying the remaining graft died a t 7 4 
days post-transplantation. Thus, there was no evidence of 
rejection of thyroid allografts which had been prepared from 
cyclophospharnide-pretreated donors and cultured for 21 days in 
a 95 % o2 , 5% co2 gas phase before transplantation to naive 
DBA/ 2 r e cipient mice (Fig. 6.3(a)). 
TABLE 6. 3 
Function of BALB/c thyroid allografts transplanted 
to thyroidectomized DBA/2 recipients 
Treatment of 
thyroid 
tissue 
Uncultured 
21 day-
cultured 
21 day-
cultured 
Pretreatment Total No. No. grafts 
of recipient grafts showing 
f . a unction 
27 25c 
19 19c., d 
BALB/c skin b 6 od 
graft 
% functioning 
grafts 
93 
100 
0 
a . Criterion for graft function was sequestration of 125 r for 
~ 45 days after transplantation (Section 2. 21; Section 2. 20). 
b . Each DBA/2 mouse received a BALB/c skin allograft at 80-87 
days prior to thyroid transplantation. 
P - 0.6783 (Exact probability test; Swinscow, 1980b). 
d . P - 0 .000 0 (Exact probability test; Swinscow, 1980b). 
Figure 6.2 Allograft of uncultured BALB/c thyroid at 328 days 
after transplantation under the kidney capsule of a DBA/2 
recipient mouse. Note presence of intact thyroid follicles 
and lack of a rejection response. Haematoxylin and eosin, 
X 172. 
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Figure 6.3 (a) Allograft of 21 day-cultured BALB/c thyroid 
at 348 days after transplantation beneath the kidney capsule 
of a naive DBA/2 recipient mouse. Note intact thyroid 
follicles and absence of mononuclear cell infiltration. 
Haernatoxylin and eosin, x 171. (b) Allograft of 21 day-
cultured BALB/c thyroid at 24 days after transplantation to 
a DBA/2 recipient mouse presensitized with a BALB/c skin 
graft, 80 days before thyroid transplantation. Note scar 
tissue, mononuclear cells and lack of intact thyroid 
tissue remaining. Haematoxylin and eosin, x 159. 
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Table 6.3 also shows that 21 day-cultured BALB/c thy roid 
allografts were rejected following transplantation to DBA/2 
recipient mice which had been presensitized by a BALB/c skin 
graft. The sensitized recipients were derived from the 
experiment detailed in Table 6.2. None of the six 21 day-
cultured thyroid allografts transplanted to sensitized 
recipients showed evidence of graft function. At 24-32 days 
post-transplantation, the transplant recipients were sacrif-
iced and the thyroid allografts were examined histologically . 
Five of the six grafts showed only scar tissue, a light mono-
nuclear cell infiltrate and, occasionally, some haemorrhage 
(Fig. 6.3(b)). The remaining graft contained a moderate to 
heavy mononuclear cell infiltrate and several residual thyroid 
follicles. Thus, the cultured thyroid allografts underwen t 
acute rejection following transplantation to sensitized 
recipients. 
In contrast to the high irnmunogenicity of non-H-2 histo-
incompatible skin allografts, thyroid tissue is weakly 
immunogenic when transplanted across the same minor histocom-
patibility barrier. Nevertheless, the acute rejection o f 21 
day-cultured thyroid allografts by recipients sensi tized by a 
skin graft of the same donor specificity illustrates that the 
disparity in the survival of skin and t hyroid allogr afts is 
not due to the lack of recognizable minor alloantigens on 
thyroid tissue or to t he p resence of ti s s ue -specific antigens 
on skin. 
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6.3 DISCUSSION 
This work was carried out to analyse the basis for 
tissue-specific differences in immunogenicity and to determine 
whether the phenomenon is related to the quantity of passenger 
leukocytes and fixed lyrnphoreticular cells in the transplant 
tissue. 
The data presented in this chapter demonstrate that 
foetal mouse pancreas is highly imrnunogenic even when allo-
grafted across a non-H-2 histocompatibility barrier. This 
finding is consistent with reports that foetal rat pancreas 
allografts are acutely rejected following transplantation 
across minor histocompatibility differences (Spence et al .~ 
1979; Mullen and Shintaku, 1980). Furthermore, we found that 
like foetal pancreas tissue, orthotopic skin allografts in 
the same donor/recipient mouse strain combination were acutely 
rejected. In contrast to the high immunogenicity of foetal 
pancreas and skin, 80% of uncultured allografts of islets from 
the adult pancreas and 93% of untreated thyroid grafts trans-
planted across the same minor histocompatibility barrier 
showed no evidence of rejection. Thus, mouse thyroid and 
isolated adult islets are weakly irnrnunogenic in this 
transplant system. 
Other groups working with rats (Reckard and Barker, 1973) 
and mice (Frangipane et al .~ 1977; Naji et al .~ 1981a) have 
reported that with some minor histoincompatible strain 
combinations, allografts of isolated adult islets are rapidly 
rejected. Furthermore, treatment of transplant recipients 
with antilymphocyte serum (ALS) in most instances only 
temporarily prolonged islet allograft survival (Reckard and 
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Barker, 1973; Frangipane et al .~ 1977). Delayed rejection 
of minor histoincompatible allografts of adult rat islets has 
also been observed (Ziegler et al.~ 1975). The discrepancies 
between these studies and our own may be related to the 
differences in minor immunogenetic barriers and/or to the 
method of islet isolation. It is evident from these reports 
that care was not taken to remove small contmninating lymph 
nodes from the preparations of isolated islets (Section 4.3). 
It is our hypothesis that the presence of such lymphoid 
elements of donor origin renders islet transplants highly 
. . immunogenic. Consequently, we attribute the weak immuno-
genicity of our preparations of isolated adult mouse islets 
to the removal of small lymph node contaminants by careful 
hand-picking of the individual islets. 
An important finding in this chapter was that treatment 
of foetal mouse pancreas in vitro before allotransplantation 
across multiple non-H-2 histocompatibility differences can 
influence allograft integrity. Both organ culture in a 95% o2 , 
5% CO 2 gas phase and the preparation of proislets were 
effective in reducing the irnmunogenicity of foetal pancreas 
tissue. In contrast, Naji and colleagues (1981b) failed to 
observe a positive effect of long-term organ culture, in a 
high oxygen gas phase, on the functional survival of rat para-
thyroid allografted across minor histocompatibility 
differences ; the same culture system markedly prolonged the 
survival of MHC-incompatible parathyroid allografts. To 
explain this failure, they proposed that the foreign minor 
antigens of the graft were processed by host macrophages, 
presumably via class I structures. Presentation of the 
minor alloantigens on host macrophages then activated a 
I 
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graft-specific T cell response. Implicit in this proposal 
was the idea that donor passenger leukocytes were not involved 
in the stimulation or effector phase of the rejection 
mechanism. Indeed, these ideas are consistent with both the 
failure of in vitro studies to demonstrate primary MLC 
reactivity when stimulator and responder cell populations are 
H-2 compatible but non-H-2 disparate (Bevan, 1976a; Wettstein 
and Frelinger, 1977) and the ability to overcome this lack of 
response by in viv o priming for "secondary" MLCs 
1976a; Wettstein et al ., 1977). Bevan ( 19 7 6 a) 
( Bev an , 19 7 5 , 
attributed 
the latter phenomenon to "cross-priming" and suggested that 
the mechanism involved processing of donor minor antigens by 
host macrophages (Bevan, 1976b). In accordance with this 
premise, H-2 D or H-2 K plus I region compatibility between the 
target and host responding cell populations was required for 
the demonstration of specific target lysis in vitro (Bevan, 
1976b). Similarly, the induction of GVH disease in minor 
histoincompatible systems (Sprent and Korngold, 1981) and the 
generation of "secondary" MLC responses to individual minor 
alloantigens following in viv o immunization (Gordon et al ., 
1976; Wettstein and Frelinger, 1980) have indicated that the 
alloreactivity of T cells to foreign minor antigens is 
restricted by class I antigens. 
Our data do not agree with the interpretations of these 
other groups and, furthermore , raise the possibili ty that 
foreign non-H-2 antigens may be processed via class II 
structures. This proposal is based on the following 
observations. It h as been demonstrated that class I antigens 
are e xpre ssed on both cultured and uncultured mouse thyroid 
(Pa r r ~t al ., 1980a) and on uncultured isolated adult mouse 
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islets (Faustman et al .~ 1980; Parr et al. ~ 1982). 
Consequently, if processing of graft non-H-2 alloantigens by 
host antigen presenting cells occurs via class I structures, 
then mouse thyroid allografts and allografts of isolated adult 
mouse islets would be susceptible targets for T cell-mediated 
damage. However, the long-term survival of cultured thyroid 
allografts as well as of the majority of uncultured thyroid 
allografts and allografts of uncultured adult islets, argues 
against the premise that minor antigens are processed through 
class I structures. Indeed, evidence for processing of 
foreign antigens via class II structures has been reported for 
DTH responses to fowl ganuna globulin (Miller et al .~ 1976; 
dinitrofluorobenzene (Miller et al .~ 1976) and the H-Y minor 
alloantigen (Liew and Simpson, 1980), as well as for T cell-
dependent antibody responses to sheep red blood cells (Sprent 
and Korngold, 1981). Furthermore, the in vivo capacity of 
UV-inactivated influenza virus to activate a primary helper 
T cell-dependent antibody response (Braciale and Yap, 1978) 
+ -and to generate Lyt-1 2 T cells capable of mediating DTH 
reactions (Leung et al .~ 1980) suggests that viral antigens 
may also be processed through class II antigens on host 
antigen-presenting cells. 
If foreign minor antigens released from tissue allografts 
bearing only non-H-2 histocompatibility differences are 
processed via class II structures on host antigen-presenting 
cells then the activity of sensitized T cells would be 
restricted by the requirement for simultaneous recogni tion of 
class II antigens. Thus, graft-specific T cell responses 
would be generated only for those grafts which also carry 
class II antigens. As mentioned previously, class II antigens 
I\ 
l.1 
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are characteristically expressed on cells of lymphoreticular 
origin and are absent from tissue parenchymal cells (Section 
1. 3) . Consequently, only those tissue allografts contaminated 
with lymphoid elements of donor origin would be susceptible to 
T cell-mediated damage. It is suggested here that 
lyrnphokine(s) released by activated T cells following 
recognition of both minor alloantigens and class II structures 
within the graft may initiate inflammatory reactions which 
could lead to local non-specific tissue damage. Such 
responses could result from the activation and proliferation 
of responsive blood cells of donor origin and/or from the 
recruitment of non-specific host inflanunatory cells (Section 
1.6.1). We propose that this rationale accounts for the high 
inununogenicity of minor histoincompatible uncultured foetal 
pancreas and skin allografts since adistinctive property of 
these tissues is the presence of an associated or intrinsic 
lyrnphoreticular component, respectively. Conversely, the 
weak immunogenicity of isolated foetal proislets, isolated 
adult islets and thyroid transplanted across the same 
non-H-2 histocompatiblity barrier can be explained by the 
lack of gross lymphoid contamination of these tissues. On 
this basis, the reduction in the immunogenicity of foetal 
pancreas tissue following organ culture and the preparation of 
proislets can be attributed to the extent to which donor 
lymphoid tissue is dillnaged prior to allotransplantation. 
Further support for our postulate is provided by our 
demonstration that tissue-specific differences in irnmuno-
genicity were not due to the expression of tissue-specific 
antigens or to the lack of recognizable minor alloantigens. 
The similarity in the weak imrnunogenicity of isolated foetal 
I 
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proislets and isolated adult islets suggested that the 
immunogenic potency of whole foetal pancreas allografts was 
not attributable to foetal antigens. Likewise, the acute 
rejection of 21 day-cultured BALB/c thyroid allografts by 
DBA/2 mice presensitized by a BALB/c skin graft eliminated a 
role for tissue-specific antigen(s) as the factor determining 
the high immunogenicity of skin allografts and demonstrated that 
the cultured thyroid tissue carried recognizable minor allo-
antigens. Nevertheless, the rejection of the cultured thyroid 
tissue in this situation leads us to suggest that the process 
of sensitization by the primary skin graft and/or the 
mechanism of skin graft rejection may have led to an 
"adjuvant-like" effect on the activation of host T cells 
carrying receptors for both donor-specific minor alloantigens 
and class I structures. However, this explanation does not 
resolve the paradox between our data and the reports by 
Silvers' group (Naji et al .~ 1981b; Silvers et al .~ 1982) on 
the effect of organ culture on facilitating the transplant-
ation of graft tissue across a minor histocompatibility 
barrier. 
Although the phenomenon of tissue-specific differences 
in immunogenicity following transplantation across minor 
histocompatibility differences has been recognized for some 
time (Section 6.1), analysis of the mechanism underlying these 
disparities is still in its infancy. The data presented in 
this chapter, together with the present literature, reveal the 
paucity of our understanding of these immune processes. 
obvious that these experimental systems require further 
analysis in future research. In relation to our own 
It is 
postulate , it woul d be worthwhile to graft uncu ltured foe tal 
I 
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pancreas and 7 day-cultured isolated adult islets simultan-
eously to the same host. The rejection of both types of donor 
tissue would support the concept of an adjuvant-like effect. 
Other studies in our laboratory have shown a difference in the 
susceptibility to rejection,across a maJor histocompatibility 
barrier, of long-established allografts of isolated adult 
islets and 10 day-cultured foetal pancreas tissue of the ~ame 
donor specificity freshly allotransplanted to the same host ; 
whereas the foetal pancreas tissue was acutely rejected , the 
isolated adult islets remained intact (M. Agostino, personal 
communication). In t he latter situation, the absence of an 
adjuvant-like effect may be due to the induction of tolerance 
to donor-spe cific class I antigens (Section 7.1) e 
In any case, the study detailed in this chapte r 
illustrates tha t modulation of the i mmunogenicity of foetal 
pancreas tissue carrying only minor hi stocompatibility allo-
antigens can be achieved at the level of pre treating the 
donor tissue ~n vitro . This approach eliminates the need for 
modifying the immune status of the host by immunosuppre ssive 
agents (Mullen, 1980) or by the induction of donor-specific 
tolerance (Spence et al .~ 1979) . 
6 . 4 SUMi'1ARY 
In this chapter we demonstrated ti ssue-specific 
differences in immunogenicity following allotransplan tation 
across the same minor histocompatibi li ty barrier. In contrast 
to the high immunogenicity of foetal pancreas and skin , 
isolated adult islets, foetal proislets and thyroid were 
weakly immunogeni c. 
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Reduction in the irnmuongenicity of foetal mouse pancreas 
tissue was achieved by the preparation of foetal proislets 
and by organ culture of foetal pancreas segments for 20 days 
in a high oxygen gas phase. Thus, the immunogenic status of 
minor histoincompatible foetal pancreas allografts can be 
modulated by treating the donor tissue i n vit ro before 
transplantation. 
Evidence against a role for tissue-specific antigens in 
determining strong tissue irnmunogenicity was provided by: 
(a) the rejection of 21 day-cultured thyroid allografts 
by recipient mice presensitized by donor-specific 
skin; and 
(b) the much weaker immunogenicity of allografts of 
isolated foetal proislets compared to whole foetal 
pancreas allografts. 
We have postulated that the immunogenic strength of 
minor histoincompatible tissue allografts is related to the 
extent to which the graft tissue is contaminated by donor 
lymphoreticular cells which may act as targets for T cell-
mediated reactions and thereby contribute to non-specific 
graft destruction. 
CHAPTER 7 
TRANSPLANTATION IMMUNOBIOLOGY: 
THE STATE OF THE ART 
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7.1 GENERAL DISCUSSION 
The aim of this thesis was to determine whether the 
approach of modulating tissue immunogenicity by in vitro 
procedures was applicable to pancreatic islet tissue and, in 
particular, to the foetal mouse pancreas. Our study has 
illustrated that the immunogenicity of foetal mouse pancreas 
can be substantially reduced, without loss of functional 
integrity, by organ culture in a high oxygen gas phase and by 
the preparation of foetal mouse proislets. Indeed, we have 
demonstrated that allografts of 20 day-cultured foetal pancreas 
tissue, transplanted across a major histocompatibility barrier, 
can reverse Streptozotocin-induced diabetes in recipient mice. 
A comparative study of the effect of organ culture on the immuno-
genici ty of foetal and adult islet tissue indicated that foetal 
mouse pancreas was much more difficult to condition for allo-
transplantation than islets isolated from the adult pancreas. 
In view of our postulate that organ culture of donor tissue 
facilitates allotransplantation by removing immunostimulatory 
passenger leukocytes (Section 1.6.3), we have attributed this 
disparity in immunogenicity to the extensive contamination of 
foetal pancreas explants with primitive lymphoid tissue and to 
the steps taken to avoid gross lymphoid comtarninants in 
preparations of isolated adult islets. Furthermore, we 
propose that the effectiveness of organ culture and the 
isolation of proislets in reducing foetal pancreas immuno-
genicity is due to the degree to which the associated 
lymphoid component is removed from the primitive endocrine 
tissue. In the case of cultured adult islets, we have demon -
strated that the reduction in allograft immunogenicity is 
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not attributable to loss of tissue antigenicity and that immuno-
genic status can be restored by the administration of donor-
specific viable peritoneal cells at the time of transplantation. 
Our findings are consistent with the postulate that passenger 
leukocytes and not transplantation antigens per s e constitute 
the major barrier to allotransplantation; passenger 
leukocytes represent the only cells of donor origin capable of 
activating a graft-specific T cell response (Section 6.1). 
Batchelor and colleagues (1979), working with an organ 
transplantation model in rats, have reached a similar 
conclusion. They investigated the irnrnunogenicity of long-
established, passively enhanced kidney allografts following 
secondary transplantation to naive recipients isogeneic to the 
primary host. A proportion of retransplanted grafts survived 
indefinitely and these grafts failed to elicit normal T cell-
dependent humoral and cellular immune responses, although they 
expressed donor alloantigens. Consequently graft alloantigen 
pe r s e was shown to be an insufficient stimulus for T cell 
activation. Nevertheless, the authors suggested that the 
induction of T cell-independent IgM antibody responses may be 
sufficient in some rat strain combinations to destroy kidne y 
graft integrity (Batchelor et al .~ 1979; Welsh et al . ~ 197 9) . 
Such an explanation could account for earlier failures t o 
successfully retransplant enhanced kidney allografts (S t u art 
et al .~ 1971; Section 1.6.2). The finding by We lsh et al . 
(1979), that the reduction in the immunogenicity of enhanced 
kidney grafts was time -de pende nt, suppo rted the i dea that donor 
passenger leukocytes pre s e n t i n either the graft' s v a scu latur e 
or interstitial tissue represented theirnrnunogenic sti mulu s of 
normal kidney allografts (Batchelor et a l.~ 1979; Welsh 
et al.~ 1979). 
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In support of this proposal, immunogenicity was most 
effectively restored to long-term enhanced kidney allografts 
by the administration of donor-specific dendritic cells to 
secondary hosts at the time of retransplantation (Lechler and 
Batchelor, 1982). Indeed, dendritic cells which are derived 
from bone marrow have been shown to be potent stimulators in 
primary mixed lymphocyte cultures (Steinman and Witmer, 1978). 
Thus, they have the capacity to provide both signals required 
for T cell activation. Relevant to this argument is the 
report by Hart and Fabre (1981) that dendritic cells are 
present in the interstitial connective tissue of rat kidney 
as well as of a number of other tissues including heart, liver, 
pancreas, thyroid and skin. On the basis of these findings, 
the dendritic cell which expresses both class I and class II 
antigens probably represents a potent immunostimulatory 
passenger leukocyte in a variety of transplant tissues. The 
failure of donor-specific B lymphocytes,which also carry both 
class I and class II alloantigens, to restore the immunogenic 
status of both enhanced kidney allografts (Lechler and 
Batchelor, 1982) and long-established islet allografts (Zitron 
et al .~ 1981b) in rats is seen as additional evidence against 
Bach's postulate that passenger leukocytes are important in 
tissue immunogenicity because they provide the class II allo-
antigens required for the induction of cytotoxic T cells 
(Section 1.6.1). It should be noted that while expressio n of 
class II alloantigens does not distinguish S+ status, cells o f 
the lymphoreticular lineage which do express S+ activity 
(Section 1.5 . 3) also carry class II al loantigens. 
I 
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Interestingly, the rejection of established allografts was 
also observed following the administration of unsensitized 
T cells of donor origin (Zitron et al .~ 1981b; Lechler and 
Batchelor , 1982). This immune response has been attributed 
to activation of host T cells by donor dendritic cells contam-
inating the inoculurn (Lechler and Batchelor, 1982). Faustman 
and colleagues (1981) have provided conclusive evidence for a 
role for class II alloantigen-bearing cells in the activation 
of the rejection response to isolated adult mouse islets. 
Incubation of the adult islets with antisera directed against 
donor-specific class II alloantigens, together with complemen t , 
just prior to transplantation indefinitely prolonged the 
survival of islet allografts transplanted across a major histo-
compatibility barrier to nonirnrnunosuppressed recipients. Since 
class II antigens are almost exclusively expressed on 
lymphoid tissues (Section 1.3) and are not carried by 
pancreatic beta cells (Faustman et al .~ 1980; Parr et al .~ 
1982), the effect of the antiserum treatment was attributed to 
the removal of passenger leukocytes. Indeed, this procedure 
may be useful in further reducing the irnrnunogenicity of 
isolated foetal proislets before transplantation. 
Taken together, these findings support our proposal that 
modulation of the imrnunogenicity of pancreatic islet tissue by 
organ culture and also in the case of foetal pancreas, by the 
isolation of proislets, is achieved by the removal of passenger 
leukocytes. Mandel et al . (1982) have confirmed our findings 
by demonstrating prolonged survival of allogeneic foetal mouse 
pancreas followin g long-term organ culture in a high oxygen 
gas phase. In addition, Lacy and colleagues (1982) have 
reported that organ culture for 7 days in a 95% o2 , 5 % co2 gas 
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phase facilitated the xenotransplantation of isolated adul t 
rat islets to recipient mice. Naji et al . (1979) have 
provided evidence indicating that the reduction of rat para-
thyroid irnrnunogenicity by organ culture is oxygen-dependent. 
This finding supports the proposal that high oxygen levels are 
toxic for passenger leukocytes (Section 1.6.3). 
An important finding which emerged from our study was 
that organ culture is more effective in reducing the irnmuno-
genicity of tissues which do not carry gross lymphoid 
components. Similarly, the marked resistance of allogeneic 
skin to procedures aimed at reducing the tissue's irnrnuno-
genicity (Steinmuller, 1980; Emma and Jacobs, 1981; Section 
1.6.2) is probably related to the intrinsic or fixed 
population of dendritic-like cells called the Langerhans cel ls 
(Steilein and Bergstresser, 1980). To test the extent to 
which these Langerhans cells contribute to skin allograft 
irnrnunogenicity, Steinmuller (1981) used donor skin from 
chimeric "A" mice at least 100 days after reconstitution with 
allogeneic "B" spleen cells. At this time after reconstituti o n , 
the Langerhans cell and passenger leukocyte populations we r e 
shown to be of "B", the prospective recipient, specifi ci t y . 
However, following transplantation of chimeric "A" skin a cross 
a minor histocompatibility barrier to naive "B" mice, the a llo-
grafts were still rejected. This finding led Steinmul ler to 
conclude that neither passenger leukocytes nor Langerhans c e lls 
contribute d to skin irnmunogenicity (Steinmuller , 1981) . 
Conseque ntly, he has turned to the concept of sk in- s pecific 
antige n s as a possi b l e e x p lana tion f o r the h i gh irnrnunogenicity 
o f this tis sue (S te i nmu l l e r et al .~ 1981, 1 9 82 ) . On the basi s 
of o u r study of tissue-specific diffe rences in irnmunogenicity 
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following transplantation across a minor histocompatibility 
barrier (Chapter 6), we suggest that Steinmuller's data can 
be explained by processing of the "A" type minor alloantigens 
by "B" type Langerhans cells present in the chimeric skin 
graft and by "B" type antigen-presenting cells of the trans-
plant recipient. Indeed, Langerhans cells are recognized as 
the major antigen-presenting cells in contact hypersensitivity 
(Streilein and Bergstresser, 1980) and can present foreign 
antigen in vitro to primed isogeneic T cells (Stingl et al.~ 1978). 
According to our explanation, recipient-type Langerhans cells 
present in the skin graft would then function not only in 
stimulating a graft-specific T cell response, but also as 
targets for T cell-mediated damage. On the basis of our data 
on the allotransplantability of foetal pancreas tissue across 
a minor histocompatibility difference, we suggest that 
successful allotransplantation of non-H-2 incompatible skin 
will require the complete elimination of both the passenger 
leukocyte and Langerhans cell populations before transplant-
ation. In vitro procedures incorporating dissociation of skin 
into single cell suspensions, treatment with antiserum 
directed against class II-antigen bearing cells, plus 
complement, followed by the reaggregation of the dissociated 
skin cells into monolayers, may represent one approach worthy 
of investigation. In support of our argument, Oluwole and 
colleagues (1980) have demonstrated a lack of correlation 
between the removal of mobile passenger leukocytes from rat 
heart,before transplantation, and graft survival following 
transplantation across a minor histocompatibility barrier. 
They have attributed this finding to the immunogenicity of 
' 
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residual, fixed interstitial cells. This explanation is 
supported by the identification of dendritic cells in the 
interstitial connective tissue of rat heart (Hart and Fabre, 
1981). 
Thus, it is not unreasonable to propose that tissue-
specific differences in immunogenicity may well result from 
the aggregate load of mobile passenger leukocytes, fixed 
dendritic cells and associated lymphoid components. We 
suggest that this explanation is applicable not only to tissue 
allotransplantation across a major histocompatibility barrier 
(Chapter 4) but probably also in the case of only non-H-2 
immunogenetic differences (Chapter 6). In the former 
situation, mobile and fixed or associated lymphoreticular cell 
populations would function as S+ cells (Section 1.6.1) in 
activating a graft-specific T cell response; in both 
situations these cells may act as targets for T cell effectors 
and thereby contribute to non-specific graft destruction 
(Section 1.6.1). 
There is now conclusive evidence that graft rejection is 
a T cell-mediated process. Using the technique of adoptive 
cell transfer, Loveland and colleagues (1981) have demo~strated 
that specifically sensitized T cells treated with anti- 8 serum 
and complement were unable to mediate the rejection of 
established skin allografts carried by adult thymectomized, 
lethally irradiated and bone marrow reconstituted (ATXBM) mice . 
Conversely, untreated T cells sensitized against don o r-spec ific 
alloantigens induced acute graft destruction. In our 
laboratory, a similar procedure has demonstrated t h at t he 
rejection of established, culture d allografts of adul t mo us e 
islets is also T cell-de pe ndent (Prows e et a: . ~ 1982) . 
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+ -Whereas Lyt-1 2 T cells were shown to be the mediators for 
+ + 
skin graft rejection (Loveland et al .~ 1981), Lyt-1 2 T c e l ls 
are responsible for the rejection of cultured adult isle t s 
(Prowse et al .~ 1982). In the latter situation, activation of 
any naive cells present in the inoculurn is precluded because 
the cultured islet allograft is immunologically "silent". 
However, in the case of the skin graft experiments, the 
+ -
adoptive transfer of naive Lyt-1 2 T cells also results in 
graft rejection (Loveland and McKenzie, 1982a, 1982b). Th i s 
finding indicates that activation of adoptively transferred 
T cells can occur in immunoincompetent ATXBM hosts bearing a 
skin allograft. As a consequence, the nature of the subc las s 
of T cells mediating skin graft destruction in the ATXBM 
experimental system remains speculative. This limitation may 
also account for the anomaly that the adoptive transfer o f 
sensitized Lyt-1+2- T cells to ATXBM mice induced the 
rejection of allogeneic EL-4 lymphoma (Loveland and McKenzie, 
1982c), which does not express class II alloantigens (Section 
1.3, Section 1.5.3). 
While a role for sensitized Lyt-1+2+ T cells in the 
rejection of established allografts of cultured adult isle ts 
is conclusive, the nature of this rejection mechanism remains 
speculative. Graft damage may result from non-specif ic 
inflammatory responses due to lymphokine(s) released following 
recognition of graft allo antigen, or f rom direct cytotoxic 
activity (Section 1.6.1). Nash and Be ll (1979) h ave r eported 
indirect evidence for a role for macroph ages in the rejection 
of allograft s of a dul t ra t islets . I ndeed, graf t destruction 
may, at le a st in par t , be due to the p a rti cipat ion of macro-
phages in the non - specific inflammato ry response . Furthermore , 
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the rejection of established allografts of rat islets 
following the administration of third party, naive T cells 
(Zitron et al.~ 1981b) may be due to non-specific damage 
following interaction with host blood cells perfusing the 
graft tissue. Similar interactions have been shown to damage 
cultured thyroid tissue but in these cases the inflammatory 
"crisis" subsided and the grafts recovered histological and 
functional integrity (Lafferty and Woolnough, 1977; Gose and 
Bach, 1981). 
There is now good evidence from in vitro studies that 
two signals, alloantigen and a source of costimulator, are 
+ -required to trigger lymphokine release from both Lyt-1 2 and 
Lyt-1+2+ T cell subsets (Lafferty et al.~ 1980). Once again, 
this demonstration argues against Bach's postulate that 
+ -Lyt-1 2 T cells require only one signal, the recognition of 
class II alloantigen, for activation (Section 1.5.3). Once 
activated, T cells belonging to either subset require only 
signal 1, recognition of alloantigen, to release lymphokine(s) 
(Lafferty et al .~ 1980). Since graft rejection is a T cell-
dependent process, it is evident that two signals are also 
required for activation of the rejection process, irrespective 
of whether the mechanism is lymphokine-mediated or involves 
direct cytotoxicity (Section 1.5.3; Section 1.6.1). As 
discussed earlier (Section 1.6.1), passenger leukocytes, 
present as either mobile or fixed lymphoreticular elements, 
represent the only cells of graft origin that have the 
capacity to deliver both signals required for T cell 
activation. Thus, our postulate that tissue immunogenicity is 
due to the presence of passenger blood cells is consisten t 
with the in vitro requirements for the activation of both 
' 
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lymphokine-producing and cytotoxic T cells. 
Using the sponge matrix allograft model, Hopt and co-
workers (1980) have demonstrated that activated T cells 
express a non-specific recruiting activity for both 
unsensitized and sensitized T cells. Furthermore, 
demonstration of this recruitment activity appeared to be 
dependent on an interaction between graft alloantigen and 
sensitized T cells of graft specificity (Hopt et al.~ 1980; 
Hanto et al .~ 1982). Such interactions also resulted in the 
release of factors, probably lymphokines, which influenced the 
permeability of the graft's vasculature, the regional blood 
flow and lymphocyte recruitment (Hopt et al.~ 1981). These 
findings support the notion that the inflammatory component 
of the graft rejection process may be lymphokine-mediated 
(Section 1.4.2). Nevertheless, Ascher et al. (1981) have 
demonstrated that a cytotoxic effector cell response can 
develop within sponge matrix allografts. Consequently, it is 
possible that both the local release of lymphokine and 
cytotoxic activity contribute to graft destruction. 
Established allografts of cultured mouse islets are not 
susceptible to antibody-mediated attack following the passive 
transfer of donor-specific antiserum in the presence or 
absence of an exogenous source of complement. Since donor 
endothelium degenerates during organ culture (Parr et al .~ 
1980b), this resistance has been attributed to the 
revascularization of the graft by host endothelium (Agostino 
et al .~ 1982). Jooste et al . (1981a, 1981b) have shown 
conclusively that the hyperacute rejection of rat skin xeno-
grafts following the passive transfer of donor-specif ic 
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antiserum is due to an interaction between antibody and donor 
endothelium. The early period of resistance from four to ten 
I 
days after transplantation, was found to be due to immature 
properties of regenerating donor vascular endothelium (Jooste 
et al .~ 1981a; Section 1.4.3). Using immunofluorescence 
techniques, they showed that the resistance of long-established 
grafts was attributable to the replacement of donor 
endothelium by host endothelial cells (Jooste et al .~ 1981b). 
During the intervening period of susceptibility, it is likely 
that the formation of immune complexes between antibody an d 
donor alloantigens expressed on the graft endothelium results 
in irreparable vascular injury (Section 1.4.3). Bogman et al . 
(1981) have proposed that the amount of anti-donor antibody 
present determines whether thrombosis, leading to vascular 
damage and ultimately graft failure, proceeds with or wi thout 
the involvement of polymorphonuclear cells. 
It is also evident that animals bearing long-term tissue 
allografts can become resistant to donor-specific immune 
stimulation. Bowen et al . (1981) demonstrated that some 
long-standing allografts of isolated adult mouse islet s were 
not susceptible to rejection following either treatment of hosts 
with viable donor-specific peritoneal cells or non-specific 
immune stimulation of hosts by complete Freund's adjuvan t . 
This demonstration supported Batchelor's finding that enhanced 
kidney allografts established for prolonged periods in 
secondary naive recipients failed to be rejected following 
challenge of the hosts with viable spleen cells, . . . semi -isogeneic 
to the donor kidney (Batchelor (' L al . ., 19 7 9) . Both studies h ave 
suggested that long-term e xposure to alloantigen presen ted in 
a nonimmunogenic form i . e . on parenchymal graft cells, may 
I 
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induce donor-specific unresponsiveness (Batchelor et al ., 
1979; Bowen et al ., 1981). Further support for this notion 
has been provided by the demonstration that preirnrnunization 
of mice with donor-specific blood depleted of class II 
alloantigen-bearing cells indefinitely prolonged the surviva l 
of allografts of isolated adult islets,transplanted across a 
major histocompatibility barrier (Faustman et al ., 1982a). 
Similarly, in our laboratory, stabilization of cultured allo -
grafts of adult mouse islets has been reinforced by the 
administration of UV-treated donor-specific spleen cells 
(M. Agostino, personal communication). Together, these 
studies have demonstrated the induction of donor-specific 
unresponsiveness without the need for host immunosuppression. 
The mechanism responsible for this nonresponsive state 
has been the subject of intense investigation. In our 
laboratory, the phenomenon has been studied in mice bearing 
long-term cultured thyroid allografts. Using this sys tem , it 
has been shown that the nonresponsiveness is not due to 
antigenic modulation of the graft or to the removal of 
antigen-reactive cells (Donohoe et al ., 1982). Lacy' s group 
has reported that spleen cells from hosts carrying long-term 
allografts of isolated adult rat islets can suppress donor-
specific MLC reactivity of naive, isogeneic hos t lymphocytes 
(Zitron et al ., 1981a). Furthermore, they have attributed t he 
rejection of established allografts of adult mouse islets foll -
owing tre atment of recipients wi th recipient-specific anti- !-,, 
serum and donor-specific spleen cel ls to the remova l of host 
suppressor cells (Faustman et al ., 1982b) . Whi le their data 
suggest a role for suppressor cells in maintaining the 
nonresponsive state of recipients bearing long-term islet 
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allografts, the present evidence is not conclusive. The 
characterization of these cells and investigation of their 
capacity to suppress donor-specific alloreactivity following 
adoptive transfer to naive recipients are steps which will 
lead to further clarification of this issue. Using such a 
procedure, Marquet and Heystek (1981) have demonstrated that 
the prolonged survival of rat heart allografts following 
pretreatment of recipients with donor-type whole blood can 
be attributed to a population of host suppressor T cells. 
Indeed, Dorsch and Roser (1982a , 1982b) have obtained indirect 
evidence that neonatally-induced tolerance to rat skin allo-
grafts is probably mediated by suppressor T cells derived from 
the tolerizing inoculum. Furthermore, they have suggested 
that this form of transplantation tolerance is due to anti-
idiotypic responses directed against host receptors for 
alloantigens of donor-specificity (Dorsch and Roser, 1982b). 
Further studies in our laboratory on the nonresponsive state 
of mice carrying long-standing cultured islet allografts have 
indicated that these hosts are not fully tolerant; while 
secondary transplants of uncultured thyroid showed indefinite 
survival, allografts of 10 day-cultured foetal mouse pancreas 
were acutely rejected (M. Agostino, personal communication). 
We suggest that the rejection of only the cultured foetal 
pancreas is due to the presence of residual donor lymphoid 
elements which can elicit non-specific graft destruction 
(Section 1 . 6 . 1 ; Section 4.3) . The allografts of adult islet 
tissue which constitute the " tolerizing inoculum" carry only 
class I donor alloantigens (Faustman et al .~ 1980; Parr et 
l .~ 1982). Consequently, nonresponsiveness to donor-type 
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class II alloantigens, and hence to fo e tal pancre as ti s sue , 
will not be induced. Whether suppressor T cells are involved 
in maintaining the nonresponsive state to cultured adult 
islet tissue in this transplant system is not known. 
Batchelor and colleagues (1979) have demonstrated that 
the passive enhancement of rat renal allografts, following the 
administration of donor-specific antiserum around the time o f 
transplantation, is due to inhibition at the level of stimulat-
ion and not to lack of target r e cogni tion. Hutchinson and Zola 
(1977) have formulated a mechanism of enhancement directed 
against antigen-reactive effector cells. They reported 
evidence which favours the sequestration and opsonization o f 
antigen- reactive T cells in the liver. In accordance with 
these findings, it has been proposed that following binding 
of antigen-reactive cells to free graft antigen-antibody 
complexes, the former are opsonized by macrophages bound t o 
the Fe portion of the same immune complexes (Hutchinson and 
Zola, 1977) . Both these ideas have been assimilated into a n 
alternative model of enhancement which postulates the 
opsonization of donor passenger leukocytes and inters titial 
dendritic cells (Guttmann and Lindquist, 1971; Hart a n d Fabre , 
1982). In this manner, donor S+ cells (Section 1. 6 .1 ) would 
be depleted and the graft would be rendered nonimmunogenic for 
T cell-dependent immune processes. From a logistical vi e w-
point, the extravascular localization o f the dendriti c cells 
may render this mechanism unfe asible . I nterest ingly , the 
location of the opsonizing proce s s(es) in the liver ma y 
acco un t fo r t he indu c tion of donor-spec i fic non responsiveness 
following t r ans p l a n ta tion of orthotopic liver allografts in 
r at s (K amada et ul . _, 1981) . The detection of donor-specific 
I 
antibodies in the serum of these transplant recipients is 
consistent with this notion (Kamada et al .~ 1980). 
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Recently, the concept that passenger leukocytes represent 
the irnmunogenic component of transplant tissue has been 
challenged by the proposal that graft vascular endothelial 
cells may be responsible for stimulating allograft rejection 
(Hirschberg and Thorsby, 1981). Based on this notion, the 
reduction in tissue immunogenicity following organ culture 
has been attributed to the degeneration of vascular 
endothelium (Hirschberg and Thorsby, 1981; Rabinovitch 
et al .~ 1982). However, the demonstration that long-term 
surviving kidney allografts retain donor-type vascular 
endothelium argues against this notion (Hart et al .~ 1980; 
Section 1.6.3). The idea that vascular endothelial 
cells express S+ activity was founded on the in vitro 
proliferative response of sensitized T cells to allogeneic 
endothelial cells (Hirschberg et al .~ 1980). However, the 
point has already been made that sensitized T cells require 
only one signal, alloantigen recognition, for lymphokine 
release; furthermore, these cells proliferate in response to 
the lymphokine, interleukin 2 ( IL2) ( Andrus and Lafferty, 
1981). It would appear that confusion over the "stimulatory 11 
capacity of endothelial cells has stemmed from the 
misconception that class II alloantigens which are expressed 
on some endothelial tissues (Hirschberg et a l .~ 1980), includ-
ing the capillaries found in islets (Alejandro et al .~ 1982; 
Rabinovitch et al .~ 1982), constitute the second signal 
required for T cell activation (Alejandro et al .~ 1982; 
Rabinovitch et al .~ 1982). Indeed, we have already presented 
considerable evidence which fails to uphold this postulate of 
I 
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Bach's model for the pathway of T cell activation (Section 
1.5.3). 
In summary, the imrnunogenicity of tissue allografts can 
be attributed to the presence of donor passenger leukocytes. 
Accordingly, our studies indicate that tissue-specific 
differences in irnrnunogenicity are related to the degree of 
leukocyte contamination. We have demonstrated that modulation 
of the imrnunogenicity of both foetal and adult pancreatic 
islet tissue can be achieved by treating the tissue, prior 
to transplantation, to remove lymphoreticular elements. In 
terms of the possible clinical application of pancreatic 
islet transplantation for the treatment of diabetes mellitus, 
there is now good experimental evidence that the need for host 
irnmunosuppression (Section 1.7) may be dismissed or at least 
minimized by utilizing procedures which reduce the irnrnuno-
genicity of the islet tissue before transplantation. In 
addition, experimental studies in rodents have demonstrated 
that transplantation of both foetal (Mandel et al. ~ 1981) and 
adult (Gray and Watkins, 1976b) islet tissue to diabetic hosts 
can protect them from the development of secondary, vascular 
complications of diabetes. At present, the foetal pancreas 
appears to be the more suitable source of islet tissue for 
clinical transplantation (Section 1.7). Our demonstrat ion 
that foetal proislets, unlike foetal pancreas, are weakly 
irnmunogenic leads us to propose that the isolation of 
proislets represents a promising approach for the allo-
transplantation of foetal islet tissue. Ultimately , the 
feasibility of pancreatic islet transplantation for the 
treatment of diabetes mellitus will rest with the elucidation 
of the etiology and pathogenesis of the disease. 
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